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gesearch and Development 


COLLECTIVE MOTIONS 


Understanding the Behaviour of Plasmas 


Particles, too numerous to be treated separately, exhibit in certain physical 
situations motions that are too complex to be described in simple terms. 
Such collective motions may prove to be of great significance technically, 
illuminating, for example, the character and behaviour of gaseous plasmas 
and so making possible the design of power-producing thermonuclear 


HE Physical Society’s conference on collective 

motions was unusual in that instead of treating 
particular problem, the meeting considered a 
phenomenon of outstanding interest and difficulty 
i, many branches of physics. Perhaps before 
discussing the conference it will be best to set 
out briefly what collective motion is. The 
simplest examples are any kind of motion of a 
solid or a liquid. It is virtually impossible to 
describe, say, an elastic wave in a solid, or the 
surface oscillation of a liquid in terms of the 
uncorrelated motion of the constituent individual 
atoms; and it is usually convenient to introduce 
a quite different mode of description to cover 
such motions. But there are many situations, 
in which at first sight one is dealing with quite 
uncorrelated motions of, say, ions in a gas, or 
of electrons in a metal, or of protons and neutrons 
ina nucleus. Nevertheless, these systems show 
strange behaviour which can only be ascribed to 
more subtle kinds of collective motions than 
the everyday classical motions of solids and 
liquids. It was to discuss the similarity under- 
lying the theory of these phenomena that the 
Birmingham conference was held. 


IONISED PLASMAS 


The conference opened with a discussion of 
the properties of a gaseous plasma, that is, a 
gas which is so hot that it can be considered 
fully ionised. Though this has been of interest 
to physicists and engineers for many years in 
applications of electrical discharges in gases, it 
has taken on greater significance with the search 
for methods of obtaining controlled thermo- 
nuclear reactions. These seek to confine such 
a plama in a magnetic field and prolong its 
independent existence until thermonuclear re- 
actions produce appreciable quantities of energy. 
That such a programme is plausible is suggested 
by experiments in which toruses of plasma can 
be made with an electric arc and set up, rather 
like smoke rings, in a vacuum, the current 
circulating through the ring giving rise to a 
magnetic field which in turn establishes a con- 
taining force over the surface of the ring. Large 
scale machines like ZETA at Harwell make use 
of this pinch effect in a toroidal discharge, but 
a major difficulty is that the pinched discharge 
is unstable and tends to wriggle about. 

To understand this phenomenon better it is 
necessary to set up the equations governing it 
and at once a strange situation becomes apparent. 
The behaviour of a discharge in ZETA seems to 
be reasonably described hydrodynamically, that 
is by means of density, current, temperature, 
electric and magnetic fields. But to justify the 
ordinary hydrodynamics of gases fundamental 
approximation is used: the hydrodynamic 
average quantities vary very slightly over a 
mean-free path. For example when there is 
a density gradient in a gas, a molecule undergoes 
many collisions before traversing an appreciable 
change in density. This condition is of border- 
line validity in shock waves, and so a really 
adequate theory of shocks is rather difficult. 
In a plasma the condition is far from being 
satisfied, and the mean-free path may be of the 
order of metres, with appreciable gradients of 
density and other parameters, over distances of 
the order of centimetres when the gas is very 
dilute, as it is in these thermonuclear devices. 

his problem was discussed in a paper by 
W. B. Thompson of AERE, Harwell. The 
electric interactions in a plasma ensure that 
down to very small distances it can be con- 
sidered neutral, that is, there are on an average 
Very nearly as many electrons as ions. With this 
ong mean-free path the electrical resistance is 





reactors. 


A conference on collective motions was held under the auspices 


of the Physical Society on 2 and 3 January this year at the University of 
Birmingham, and the following report has been prepared by one of the 


contributors. 


very small, so with the current j, electric field E 
velocity V, magnetic field B and conductivity 


; V Vv 
«if =o(E += x B), then E +2 x B~O; 


in other words, magnetic flux is conserved 
through closed curves lying and moving in the 
fluid. A hydrodynamic-like theory can be 
developed using the smallness of the electric 
field parallel to the magnetic field compared 
with the component perpendicular to the field, 
instead of the smallness of the mean-free path 
to the distances of macroscopic variation of 
normal hydrodynamics. It is, however, more 
complicated than the familiar form and contains 
very much more freedom in the form of the 
functions which give the probability of finding 
a particular particle with a certain velocity at 
a certain point. This freedom is a consequence 
of the unimportance of collisions, for in the 
usual gas dynamics they always make the system 
tend to a unique state, that of thermodynamic 
equilibrium, whereas in this problem the absence 
of collisions does not single out a unique end 
state. 

Although electrical resistance is not a dominant 
effect it still requies a detailed investigation and 
reveais very interesting physical and mathematical 
effects. Since the Coulomb force, r~*, decreases 
very slowly, a naive calculation of resistance 
always leads to an infinite answer, coming from 
the indiscriminate sum of a very large number of 
small contributions. A more sophisticated 
approach is to use the methods of statistical 
mechanics to ask for the mean potential between 
two particles when allowance is made for the 
alignment of the other particles. For example, 
if we consider the mean potential between two 
ions, we must allow for the increased probability 
that electrons will be found between them. 
This approach leads to the replacement of the 
Coulomb potential e?/r by the Debye-Hiickel 
screened potential e*? (exp [— r/A])/r where 
d\-? = 82ne*/k T, n being the density of electrons. 
Using this potential a finite reasonable resistance 
can be obtained, but in doing this the dynamics 
of the plasma has been neglected, for during the 
scattering process particles see, not the mean 
potentials, but the actual potential and it is 
well known that a property of the Coulomb 
potential is that the plasma density can oscillate 
longitudinally with a frequency »* = 4 7ne*/m., 

Some methods of handling this problem were 
given by S. F. Edwards of the University of 
Manchester, who showed that allowances for 
the dynamical behaviour could be made without 
much change until the velocity of the current 
became comparable with the mean thermal 
velocity Vk T/m, a very high current of course. 
Then it seemed possible that the flow of the 
current might excite the plasma oscillations and 
increase the resistance violently. This problem 
is complicated by the fact that the power of ions 
to stop an electron current decreases as the 
inverse fourth power of the relative velocity, so 
that instead of a uniform stream of electrons as 
in the familiar picture of a current flowing, fast 


electrons could carry more current than slow, 
and eventually run away in accelerated motion. 
Whether they would then be checked by the 
excitation of oscillations is an open question and 
progress is held up both by the mathematical 
complexity of the phenomena and the difficulty 
of obtaining experimental data sufficiently 
explicit to discuss theoretically. 


ELECTRON GAS IN METALS 


The electrons in a metal also form a plasma 
and the analogue of screening and plasma 
oscillations may be expected there. However, 
the electron gas of a metal is, relative to the 
other physical constants concerned, at a very 
low temperature, and is an extremely quantum- 
mechanical system. This situation was dis- 
cussed by S. Raimes of Imperial College and is 
similar to the classical problem in that, though 
the physical picture one can give is reasonable, 
it is difficult to provide a really complete des- 
cription. Being a quantum system one can 
expect plasma oscillations to be quantised and 
so to have energies (/ + 4) hw/2 7, / an integer, 
if classically they have frequency «, where 
h is Planck’s constant. These turn out to be 
a few electron volts in a typical metal and much 
above average electron energies; they are only 
to be observed in resonances in the scattering of 
electron beams by thin films of metal. This 
fits in with the well known situation that excellent 
agreement with experiment is obtained in the 
theory of metals by ignoring the interactions 
of the electrons altogether. There must be some 
effects due to electron-electron interactions, 
however, and an unambiguous theory of these 
has yet to be produced. 


SUPERCONDUCTIVITY 


Perhaps the most baffling phenomenon in 
metals is that of superconductivity. In_ this, 
certain metals at sufficiently low temperatures 
lose all their resistance, and currents will flow, 
in a circular wire for example, almost indefinitely 
and also possess unusual electromagnetic effects. 
Since it is a quantum system the Pauli principle 
applies. The Pauli principle requires that no 
two electrons can be in the same state. Hence, 
since the electron has two states of spin not 
more than two electrons can have the same 
momentum and at zero temperature it follows 
that the electrons will take different values of 
momentum from zero to a maximum, called the 
Fermi level. If a weak electric field is applied, 
only the electrons near the Fermi level move, 
because those in lower levels have to jump above 
the Fermi level to find an unoccupied momentum 
state, and require the appropriate amounts of 
energy, whereas those at the Fermi level only 
need a slight amount of energy to excite them. 
Now it is known that the properties of a super- 
conductor can be explained if it is assumed that 
the electrons interact with the metallic lattice 
and among themselves to create a gap in the 
momentum states above the Fermi level so 
that even the top states become very hard to 
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Continuing Research and Development 


THE FELICI ELECTROSTATIC GENERATOR 


High Voltage Engineering on a Small Scale 


for a wide variety of applications extending from particle 
accelerators to dust precipitators, and including electron 
microscopes, neutron generators, and projection television. 
Until recently there have been two major types of high- 
voltage d.c. generators, the Van 

de Graaff and the Cockcroft- 

Walton, and these have been 

called upon to supply most of 

the needs for high voltages in the 

range 50 kV to several MV. 

However, a new type of gen- 

erator, designed by Professor 

Felici of Grenoble University, 

France, has appeared in recent 

years and exhibits a number of 

advantages over the Van de 

Graaff and Cockcroft-Walton 

types in the range S50kV to 

1 MV. The Van de Graaff and the 

Felici generator are basically 

similar, the essential difference 

being that the latter uses a rigid 

rotating cylinder, as indicated in 

the part-section drawing, instead 

of a belt to carry the charged 

particles. Because of the more 

accurate tolerances of the cyl- 

inder, higher fields can be 

achieved and hence higher cur- 

rent output. One Felici generator, 

manufactured in France, supplies 

15SmA at I5kV and another 

supplies 6 to 8mA at 1-2 MV. Such figures could not be achieved in 

practice with a Van de Graaff and could only be achieved by a Cockcroft 

Walton generator at greater expense and with a much larger apparatus. 

The Felici generator has been developed industrially, over the past ten 

or so years, by the Societe Anonyme de Machines Electrostatiques 

(SAMES), Avenue Félix-Viallet, Grenoble, France, and is manufactured 

solely by them. However, the applications for this type of generator are 

growing rapidly and a British company, Miles Hivolt Limited, Princedale 


OR some years now the use of high-voltage 
direct-current energy in science and engi- 
neering has been steadily increasing. Today 
high-voltage light-current supplies are required 





SAMES 150 kV elec. 
trostatic generator. 


Electrostatic generators produce very 
high potentials which can be used 
for testing and particle acceleration. 





Continuing Collective Motions 


model is rather like trying to define the moment 
of inertia of a gas and requires delicate and 
rather artificial mathematical manoeuvres to 
make sense. But gradually the completely 


compression waves or “ phonons,” and quantised 
vortex rings or “rotons,” and predict such a 
spectrum, but again this may be due to approx- 
imate mathematics rather than true success. 


Conversely, a current will be hard to 
extinguish. J. G. Valatin of Birmingham 
University gave a paper on the theoretical 


excite. 


attempts to prove the existence of such a gap 
from our knowledge of the elzctron lattice forces. 
Incomplete calculations now exist which produce 
the gap but it is not clear whether these are true 
solutions of the problem or if the gap is a 
consequence of the approximation used in the 
calculation. 
LIQUID HELIUM 

The properties of liquid helium, which were 
discussed by G. V. Chester of Birmingham 
University, can be reduced in the same way to 
the properties of the excitation spectrum of the 
liquid, which is known experimentally from 
neutron scattering to be a function which 
rises from zero to a maximum, then falls to a 
minimum before rising again. Theoretical 
models exist which rely on the idea of quantised 


The final sessions of the conference were 
devoted to the collective motions of the nucleus, 
the main speaker being Dr. B. Bayman from 
Copenhagen. The nucleus presents perhaps the 
most bewildering problem of quantum collective 
motion. Many of the properties of the nucleus 
can be explained by assuming the shell model, 
in which the forces on any one nucleon due to 
the rest can be averaged into a potential well, 
and the nucleons occupy energy levels in this 
well just as electrons do in the atom. But in 
addition there is clear evidence of the nucleus 
having rotational properties, so that it is possible 
to talk of its moment of inertia in the sense that 
sets of experimental rotational levels can be 
fitted with such a constant. But to talk of the 
moment of inertia of a nucleus on the shell 


independent nucleon picture and the collective 
rotation picture are being brought nearer to 
one another. A new suggestion from Copenhagen 
is that the gap in energy states found in a super- 
conductor may have its analogue in the theory of 
the nucleus, and Dr. Bayman produced con- 
vincing evidence of many nuclei which ought to 
be easy to excite, but which are not, and as 
usual some tentative theoretical work has been 
done to support this. 

The conference bore out very much the 
continuity of theoretical physics across the 
different fields of experimental physics, ane 
showed that a whole chain of, at first sight, 
completely different problems, were intimately 
related theoretically, and hence much closer [0 
solution. 
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Typical load characteristics of gen- 
erator using voltage regulation. 
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Circuit diagram, showing 
voltage regulation system. 


Road, London, W11, has recently been formed 
to distribute SAMES generators in this country, 
and later to manufacture under licence. Details 
of the SAMES 600 kV electrostatic generator, 
now available from Miles Hivolt, were given 
in ENGINEERING, 27 March, °59, p. 389. 

The working parts of the Felici machine 
operate in an atmosphere of pure hydrogen at 
4 pressure of 10 to 25 atmospheres. This 
ensures good insulation and high ionic mobility 
By using a relatively thick stator made from a 
material which is slightly conducting (10'2 ohm 
approximately), local concentrations of electric 
field are avoided. 

Electric charges are sprayed on to the rotor 
at the charging poles and then carried by the 
rotor in a tangential electric field, during which 
the potential of the charge increases. After 
moving a distance corresponding to half a pole 
pitch, the charges are removed from the rotor 
by the Output ionisers and then flow into the 
external circuit. 

The useful charge density obtained with a 
‘ommercial production of this type of machine 
's about 60 e.s.u., and the maximum peripheral 
speed is about 45 metres per second. Within 


these limitations, currents of about 0-17mA 
per cm of rotor length can be obtained. However, 
there are indications that peripheral speeds up 
to 70 metres per second with charge densities 
of 90 e.s.u. may soon be obtained. 

The efficiency of the Felici machine, which 
can be made with 2, 4, 6, or 8 poles, according 
to the voltage-current relationship required, is 
unusually high. For output voltages greater than 
100 kV, it is over 90 per cent and below 100 kV 
it varies between 80 and 85 per cent. The 
efficiency of the driving motor is therefore the 
dominating factor. 

With constant excitation, an_ electrostatic 
generator supplies a constant current and, since 
this type of characteristic is not suitable for most 
practical applications, a voltage regulation 
device is needed to give a constant voltage output. 
An illustration of an electronic voltage regulating 
device, working on a simple two-pole Felici 
generator is given in the circuit diagram. This 
type of regulator is used on all of the SAMES 
medium stability generators and works on the 
following lines. 

A fixed fraction of the high voltage (V) is 
compared with a reference voltage (Er) (about 
100 volts, obtained from a battery or a gas filled 
stabiliser). The difference potential is then 
applied to the auxiliary generator, the output 
voltage (E) of which is a function of the difference 
voltage. This feedback from output voltage to 
excitation voltage results in the desired load 
current characteristic for the main generator 
shown in the graph. The auxiliary generator, 
the output of which is controlled by an electronic 
valve circuit, can either excite the main generator 
directly or through another small auxiliary 
electrostatic generator, which then serves both 
as a voltage multiplier and as an amplifier of 
voltage characteristics. This system, which 
gives a voltage stability of better than 1 per cent, 
can be modified when necessary to achieve a 
voltage stability of the order of 1 in 10° This 
high degree of stability is particularly useful 
when testing alternator windings and high 
voltage cables, where fluctuations in voltage 
would give rise to unwanted capacity currents. 

Quite apart from the economic advantages 
which place the electrostatic generator in a 
privileged position, due to its high efficiency, 
there are several technical advantages which 
make it superior to the conventional rectifier 
system: (1) the absence of large smoothing 
condensers which might be dangerous as well 
as inconvenient, (2) the elimination of large 
current overloads, even in the case of short 
circuit, (3) constancy of current with an 
extremely small alternating component, (4) easy 
stabilisation of the full load voltage, (5) lightness 
and compactness of the generator in proportion 
to the power and voltage output. 

Although Felici generators have been deve- 
loped to meet existing requirements and are 
therefore often in direct competition with 
rectifier systems, the indications are that the 
field of application of high voltage generators is 
now being widened by the availability of these 
comparatively cheap and extremely compact 
generators. The present range produced by 
SAMES extends from 40 kV to 1:2 MV, with 
currents from 30unA to 1I15mA. However, 
SAMES believe that these frontiers are only a 
beginning and that they may be extended in the 
near future to several MV’s and up to 40 mA. 
There is also a trend in the direction of lower 
voltages where the intrinsic low weight and 
bulk, and the safety of operation of these 
generators is now in demand for such applica- 
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Part section of SAMES two-pole 
600 kV electrostatic generator. 


tions as’ X-ray metallography and charging 
condenser banks for thermo-nuclear work. 

According to Professor Felici, who is an ad- 
visor to SAMES, the future trend of these eleotro- 
static generators will be towards higher output 
powers rather than just higher voltages. Re- 
cently, in their research laboratory at Grenoble, 
SAMES have produced a generator of dimen- 
sions similar to their standard 140kV 14mA 
generator, which gave 125kV at over 30 mA. 
By further development along similar lines, it is 
believed that a figure of 200kV at over 40mA 
can be achieved. 
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DIRECT MODELS 


AS AN AID 
REINFORCED CONCRETE DESIGN 


TO 


The advantages of direct model experiment for testing designs are 
considered. A simple technique for making suitable models is explained, 
and the results of tests on model beams and columns are compared with 
published data relating to full-size specimens. 


$e designer of an engineering structure usually 
requires an estimate of its strength. His 
calculations invariably involve the hypothesis 
that the structure is homogeneous, isotropic and 
elastic. Further assumptions and simplifications 
are often required before a particular problem 
can be solved by analysis. To meet these 
restrictions a structure may take a certain form 
solely because it is the easiest to calculate. 
A design conceived in this way may well be 
without proper functional aesthetic merit or 
even economy. 

There is well-established experimental evidence 
that a reinforced concrete structure is elastic 
only under very small loads. Nevertheless, a 
theory of design which is founded upon the 
assumption of elastic behaviour has long been 
established on a semi-empirical basis. This 
theory is very useful, provided that it is not 
applied indiscriminately; but the provisions of 
some Codes of Practice and the elaboration of 
many design calculations demonstrate that the 
restrictions of the fundamental assumptions are 
often forgotten. 

As an alternative to making calculations on 
such assumptions, designs may be based on 
experience of the behaviour of a similar structure. 
To establish an acceptable margin of safety, 
the designer must have observed his similar 
structure to the point of collapse, so it will most 
conveniently be a small scale model. 

The main advantage of model study over 
calculation is that it enables the designer to 
investigate a particular structure without 
establishing the general laws governing struc- 
tures of that type. It is unnecessary to make 
drastic simplifying assumptions, and the study 
can be made in just that amount of detail 
which is required. Hydraulic engineers have 
used the method with great success for individual 








‘ river and tidal works where the complex general 


laws are unknown. The concrete engineer can 
use a model to establish the behaviour of his 
structure at all stages until it collapses under 
overload, taking into account the disposition of 
reinforcement and cracks. Existing methods 
of calculation cannot give him such information 
except in a few simple cases to be mentioned 
later. 

A second advantage of model experiment is 
that it concentrates the designer’s attention 
upon the structure itself. When using the 
conventional methods, he may sometimes be 
more concerned with understanding a theory or 
the current regulations. But he can only 
improve his work by knowledge of structures 
themselves, and the opportunities for tests on 
full-size structures are few, especially those 
which can be carried to destruction. The use 
of inexpensive models offers a way out of this 
impasse by providing the designer with un- 
limited first-hand knowledge of the way structures 
behave. 


LAWS OF STRUCTURAL MODEL 
ANALYSIS 


The indirect methods of model experiment, 
such as that evolved by G. E. Beggs, are probably 
the most widely known. Plane models cut from 
sheet material are used to ascertain the de- 
formations of rigid frameworks when given 
known displacements at certain points. The 
models must be elastic, so that Maxwell’s 
reciprocal theorem can be applied to convert 
deformations into stresses. This type of model 
is really an expedient, without any fundamental 
advantage, because the information it gives can 
usually be obtained by calculation. 

A direct model, on the other hand, is a much 
more powerful design aid. It is a true-to-scale 


Fig. 2 Post ten- 
sioned plaster beam 
under test. Bags 
filled with lead shot 
are used to increase 
the weight of the 
beam and thus pro- 
duce the desired 
dead-load _ stresses 
from the time of 
tensioning onwards. 
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Fig. 1 Stress-strain curves for model an 
prototype materials. The same curve ca 
represent materials of similar charac. 
eristics if the scales are increased }y 
factors a and b for the model materia 


working model which may be loaded in the 
same way as the prototype. It need not 
elastic, provided that the stress-strain character. 
istics of the model material are similar to thos 
of the prototype. Such similarity will be achieved 
if the stress-strain curve for the prototype materia 
can be converted to that of the model material by 
a simple change of scale on each axis. An 
example is shown in Fig. 1, where the conversion 
is achieved by changing the stress and strain 
scales by factors a and b respectively. 

When two materials are used together, as in 
reinforced concreie work, two model materials 
are necessary and the scale ratios a and 6 must 
be the same for each pair. If such model 
materials can be found, the correct scales for 
other relations between a prototype and a model 
with linear dimensions reduced s times will be 
given by the following homologous quantities: 


Forces a oF sie Fm = Fp/as’ 
Moments Mm = Mp/as* 
Stresses nA i m =Jyla 
Strains and rotations .- Om = YI 
Displacements and deflec- 

tions - es > Ap/bs 

A model constructed to satisfy the above 
requirements is a faithful image of its prototype, 
and when loaded by forces to the correct scale 
will behave in exactly the same way. 

There is one further restriction to be observed 
if the effect of the structure’s own weight Is (0 
be deduced from the model. The stresses under 
dead weight alone will only be connected by the 
homologous relation given above if the model 
has a density s/a times that of the prototype. 

In most model experiments interest is centre 
on the total load or moment at failure, the exact 
contribution of the model’s own weight being 
unimportant. However, when similarity must be 
extended to include dead load stresses, as If 
studies of post-tensioned beams or vibrations, 
it is possible to simulate the increase in density 
by distributed external weights. This is simpler 
than changing the model material, and 4! 
example of the technique is shown in Fig. 2. 
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The obvious material for a large-scale model 
is reinforced concrete itself. But the cost of 
making and testing such a model is considerable 
and time is lost while it hardens. These dis- 
advantages reduce the flexibility of approach 
which is necessary in the investigation of a design. 

The cost of a model may be reduced by 
decreasing the scale but further difficulties are 
introduced by the consequent reduction of the 
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Fig. 5 Stress-strain curve for plas- 
ter; test on I-Sin by 1-Sin by 6in 
prism (35 per cent water) after 18 hours. 


aggregate size. When the maximum particle 
size is reduced to that of sand, the concrete has 
changed to a mortar of high shrinkage which is 
likely to crack while curing. 

Despite these disadvantages, models have 
been produced with special cement mortars to 
assist with the design of concrete dams. 
However, this work seems to be confined to 
large specialist laboratories, notably in Italy and 
Portugal.?+ *: 4 


GYPSUM PLASTER MODELS 


Gypsum plaster is a much more convenient 
model material. Its use for unreinforced models 
Is mentioned in reference 2, and plaster models 
of end-anchored prestressed structures have also 
been used.*: © In these applications the plaster 
was allowed to dry before testing. Under such 
conditions it is nearly elastic and rather brittle, 
Whereas the experiments to be described in this 
article were made on damp plaster which has a 
Plasticity akin to that of concrete. Plaster 


models are simple to make, are free from shrink- 
age, and can be tested within an hour of casting. 
The powder used by the present writer is of 


the autoclave or alpha hemi-hydrate variety. 
Plaster is prepared by adding the powder to 
water, preferably in a rubber mixing bowl, and 
leaving it to stand for a minute. It is then 
worked to a smooth paste with a flexible steel 
spatula and poured into the mould. When 
working with less than about 40 per cent water, 
a small vibrating table is helpful in achieving full 
compaction. The mixture remains plastic for 
a period which can be adjusted by the manu- 
facturer, and then sets rapidly. A powder 
which begins to set ten minutes after adding to 
water has been found convenient in use. 

Compressive Strength—The strength of 1 in 
plaster cubes measured at various times after 
setting is shown in Fig. 3. Under normal room 
conditions the strength remains sensibly constant 
for about 24 hours. Afterwards it increases 
rapidly but erratically as the plaster dries. 
The strength attained in the damp condition is 
reproducible and varies with the powder: water 
ratio employed as shown in Fig. 4. If required, 
set plaster may be kept in the damp condition 
indefinitely by storing in water. 

Stress-Strain Relationship.—Fig. 5 shows a 
stress-strain curve obtained from a rapid test 
on a plaster prism. It is similar to the typical 
curve for a matured concrete specimen, the 
coefficients a and b being about | and 0-33 
respectively. 

Reinforcement.—The material used to reinforce 
the plaster must bond to it to the same extent 
as steel reinforcement does to concrete. In 
a comparison of the model and_ full-scale 


Fig. 6 Stress-strain curves for threaded mild 
steel rod (based on the full cross-sectional area). 
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coefficients a and b must be the same as those 
quoted for plaster and concrete. 

Fortunately both these requirements are 
fulfilled by the use of mild steel threaded rod 
of about 8 BA size, which can be obtained com- 
mercially in lengths up to 3 ft. As received it 
is rather brittle and resembles high tensile steel 
reinforcement; after annealing for one hour in 
an air circulation furnace (at 600° C) it shows 
a definite yield like structural grade reinforce- 
ment. Comparison of the curves in Fig. 6 gives 
a = 1-2andb = 0:33, the stresses in the threaded 
rod being calculated on the full cross-sectional 
area. 

The results of pull-out tests on threaded rod 
embedded in plaster are shown in Fig. 7. The 
bond stresses developed are of the same order 
as those obtained with modern deformed 
reinforcing rounds in concrete. 


ULTIMATE STRENGTH OF 
REINFORCED PLASTER MODELS 


Having established the properties of the model 
materials individually, it is necessary to show 
that they behave in the same way as reinforced 
concrete when used together. Because the 
ultimate strength is of great importance, it has 
been examined in some detail. 

Most of our knowledge of the ultimate 
strength of reinforced concrete relates to members 


Fig. 7 Pull-out tests on threaded rods embed- 
ded in plaster (35 per cent water, tested I hour 
after casting). fy 53,000 Ib per sq. in. 
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Concluding Design 
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subjected to flexure and compression. C. S. 
Whitney’ has produced a simple method of 
analysis for these problems which is supported 
by a large number of tests on reinforced concrete 
specimens.’ *»® Tests of reinforced plaster 
models made by the writer also show agreement 
with the above analysis. 
The following symbols will be used in referring 
to Whitney’s analysis: 
b = breadth of a 
column; 
d = effective depth of a rectangular beam 
or column; 
t = total depth of a rectangular beam or 
column section; 
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Fig. 10 Ultimate strength of rectangular plas- 
ter columns with symmetrical reinforcement 
under eccentric load. f = 4,150 Ib per sq. in 
Sy = 53,000 Ib per sq. in, As = 0-0117 sq. in. 


f- = crushing strength of a 12in by 6in 
concrete cylinder; 

f = wet crushing strength of a 1 in plaster 
cube; 

= yield stress of mild steel reinforcement 
(or 0-2 per cent proof stress of re- 
inforcement without a pronounced 
yield); 
cross-sectional area of reinforcement 
adjacent to one face of a beam or 
column; 

- proportion of reinforcement, A;/bd for 
beams having tensile reinforcement only, 
or 2A;/bt for symmetrically reinforced 
columns; 

e = eccentricity of applied load from centre 
line of column; 
d’ = distance between opposite layers of 
reinforcement in columns. 
Rectangular Beams Failing in Flexure.—The 
ultimate moment of resistance of lightly rein- 
forced concrete beams is found to depend 
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almost directly upon the strength of the reinforce- 
ment. When the amount of reinforcement in a 
given section is increased to a critical proportion 
Po, the moment of resistance reaches its maximum 
value, Mmax. Amounts of reinforcement in 
excess of p, will not produce any increase in the 
‘moment of resistance above Mmax. 

From an examination of experimental data, 
Whitney proposed the following expressions, 


Mmax = 0°33 f, bd? . (1) 


He also showed that the moment of resistance 
of under-reinforced beams, i.e., with p less than 
Po; is 

The ultimate moment of resistance of a number 
of reinforced plaster beams has been found by 
experiment. The results, which were obtained 
with different plaster and steel strengths and both 
point and distributed loads, are shown in Fig. 8. 
They are very similar to those quoted in reference 
7. To fit the expressions for reinforced concrete 
beams to the observed data for reinforced plaster 
beams, two minor adjustments are needed. In 
place of the cylinder strength of concrete, f., we 
use the cube strength of the plaster, f, and 
equation (1) is modified to 


Mmax a 0-31 fb d* (4) 


These changes lead to the following modifi- 
cation of (2) 
Po 0:407 f/f, (5) 


and (3) may be modified to 
M,,/fbd* = 0-407 p/p, (1 — 0-24 p/py) (6) 


The equations (4) and (6), plotted in Fig. 8, 
will be seen to give good estimates of the ultimate 
strength of reinforced plaster beams. 

Short Columns Under Axial Load.—By the 
same modifications of the Whitney equation 
as were used for beams, we obtain the following 
expression, 

P,/fbt = 0-85 + pS, lf (7) 

Fig. 9 shows that the results of tests on five 
plaster columns, having different proportions 
of symmetrical reinforcement, support this equa- 
tion. 

Short Columns Under Eccentric Loads.—When 
the eccentricity is small, failure occurs by 
compression of the plaster. The modified 
Whitney expression is: 

2Asfy _ Asien a —— (8) 
“" 2eld’+1 © 3:2et/d?+3-2d't/2d? 

This equation has been plotted for a given 
column section in Fig. 10. For small values of e 
the denominator of the right-hand term has been 
decreased from 1-54 to’ 1-18 so that (7) is 
satisfied. 

When the load is applied at a large eccentricity, 
failure occurs in tension, for which Whitney’s 
equation is, 

Baia) 

0-85 ft 
. : . YY 

There is good agreement between (8) and (9) 
and the experimental results given in Fig. 10 


Py 0-85/61((4 — e/t) + fen — 4)? 
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Fig.9 Ultimate strength of axially loaded Plaster 
columns with symmetrical reinforcement, f . 
53,000 Ib per sq. in; f = 4,150 Ib per sq jy 


for the ultimate load on the section at differen; 
eccentricities. 

These model experiments reveal a strikin 
similarity between the ultimate load characteris. 
tics of reinforced concrete and reinforced plaster 

Other experiments on model beams hay: 
shown that this similarity extends to those types 
of failure in which the effects of flexure ar 
modified by shear forces. Because there ig no 
general method of analysis for shear failure; 
comparable with that for flexure quoted above. 
model tests have been found most helpful in 
establishing the pattern of behaviour upm 
which such a method can be based. 


CONCLUSIONS 


The designer of an unusual reinforced concrete 
structure needs a more reliable check upon his 
design than is afforded by calculations based 
upon elastic analysis. Since plaster beams and 
columns, reinforced with threaded steel rod. 
show the ultimate load characteristics associated 
with reinforced concrete, it appears possible to 
predict the strength of a design by testing a small- 
scale plaster model. The type of model envis- 
aged is simple to construct, and can be tested 
within an hour of casting. It is possible to 
simulate concretes of different strengths and both 
high tensile and structural grade reinforcement, 

Such a method reveals possibilities of produc- 
ing rational designs for types of structure which 
have hitherto been proportioned to some extent 
by rule of thumb. It would be possible to take 
into account redistributions of forces due to 
non-elastic deformations and compare the 
efficiency of different arrangements of reinforce- 
ment. The following examples readily come to 
mind: beams subject to combinations of bending, 
shear, torsion and direct load; deep beams con- 
taining openings; slabs of unusual shape with 
irregular supports or openings; shells of double 
curvature and corrugated structures; and shear 
walls with openings. 
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FRENCH RAILCAR 


Makes Wide Use of Plastics 


we first of ten railcars of a new type has just been completed for use 
T on the tourist routes of French Railways, by the railways division 
Renault. Weighing 58 tons, the railcar can carry 88 passengers 
at 80 m.p.h. The passenger compartment is divided into three sections: 
one section at each of the two ends at normal level (each section holding 
” passengers) and a large observation platform (carrying 44 passengers) 


of Regie 


in the centre, above the engine compartment. 


As will be seen from the accompanying general view of the new railcar, bie Ci MET Dad 


the observation arrangements are such as to 
appeal to tourists. This quality is further em- 
phasised in the interior view of the central 
observation platform reproduced herewith. The 
illustration also demonstrates the comfort and 
spaciousness which is provided in the railcar. 
The roof of the observation dome is of trans- 
parent plastics. The passenger windows of the 
dome are fitted with built-in demisters. The 
glass itself, simliar to that used in aircraft, 
consists of two sheets of glass, separated by a 
transparent plastics membrane, in which there 
is an electric heating element. 

The well-equipped driving cabs at each end, 
the interior stairs, fuel tanks and air-condition- 
ing ducts, are all made of plastics material 
by the Renault plant specialising in this work. 
Interior amenities include reversible seats, arm 
rests with fitted ash trays, fluorescent lighting 
and ventilators. The cars are air-conditioned 
throughout. 

The railcar is fitted with a diesel motor of 
800h.p. This drives a generator which, in turn, 


Ee Ser as 
” S,. 


Renault's new passenger-carry- 
ing railcar for French Railways. 
Glass and plastics are used ex- 
clusively in the construction 
of the observation compartment. 


An interior view of the observation 
compartment. The side windows have 
built-in de-misters, and 
is formed of transparent plastics 
and is provided with sun blinds, 
here shown in the drawn position. 


feeds current to two electric motors driving the 
wheels. This arrangement makes for great 
flexibility of the drive. The insulated bulkhead, 
separating the engine from the upper passenger 
compartment, is completely soundproofed. 
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RADAR FOR SMALL CRAFT 


A new low-power radar equipment—the Con- 
sort—has been designed by Marconi Marine, 
Chelmsford, for use in small vessels where space 
and electrical power are limited. The new 
equipment is suitable for tugs and harbour craft 
of all types, fishing and pilot vessels, lifeboats 
and yachts; and its introduction opens up a new 
field of application for marine radar equipment. 
Port services are largely maintained by small 
craft, and the disruption of these services by 
fog can delay the sailing of larger vessels equipped 
with every modern aid to navigation. By 
helping small craft to maintain these essential 
services, Consort will prove of inestimable value 
to the shipowner and to everyone concerned 
with the repair and maintenance of shipping 
and the operation of ports. 

The complete equipment comprises a display 
unit, transceiver unit and aerial unit, the use of 
transistors, printed circuits and new manufac- 
turing techniques having resulted in an extremely 
compact installation. The Consort operates 
from a 24 volt battery, or by conversion from 
other voltages, and has a maximum range of 


RECIRCULATING 


A new range of ball bushings for precision 
linear motion have been introduced by Ransome 
and Marles Bearing Company Limited, Newark- 
on-Trent. They contain three or more races of 
recirculating steel balls which are kept in their 
tracks by retainers. Grooves on the housing 
Provide for endwise location. Advantages 
claimed for bushings of this type are greatly 
reduced friction, hardly affected by changes in 
load or lubricant viscosity; reduced starting 
loads ; the possibility of higher operating 
Speeds; and the reduction of wear, chatter, loss 
of alignment, and consequent high maintenance 
Costs. Ball bushings are available in 11 shaft 
Sizes, from + in to 4in, with corresponding out- 
side diameters from 4 in to 6 in. 


14 miles—sufficient to be of real value under 
fog conditions, and to provide navigational 
assistance ample for the needs of small craft. 

The display unit is designed for mounting on 
a deckhead, bulkhead or table. A 5 in cathode 
ray tube is employed, and a magnifying lens 
incorporated in the detachable visor increases 
the effective diameter of the display to 8 in. 

Two minutes after switching on, the Consort 
reaches a “stand by” condition, and it is then 
ready for immediate use. A “ press-to-view ” 
switch is provided on the display unit, and when 
this is depressed the scanner starts and the 
equipment becomes fully operational for two 
minutes. It will then revert to the “ stand by ” 
condition until the “ press-to-view ’’ switch is 
again depressed; but this switch can be over- 
ridden to provide continuous viewing if conditions 
require it. This arrangement ensures instant 
readiness without waste, battery consumption 
being reduced from 10 amps when the equipment 
is operating to 4 amps in the “stand by” 
condition. 

The tubular case of the display unit is sealed 


BALL BUSHINGS 








with rubber gaskets to give a strong and water- 
tight assembly, and hand grips are fitted on the 
mounting bracket to enable the observer to 
steady himself when using the equipment in bad 
weather. The whole assembly measures 144 in 
by Il in by 25 in long including the detachable 
visor, and weighs only 141b. Bearings are 
shown at 5° intervals on a graticule engraved 
on the Perspex screen; and range is measured by 
range rings equally spaced on the face of the 
display. 

The transceiver is housed in a steel cabinet 
measuring 26 in by 16in by 10 in and weighing 
621b. It can be fitted in the smallest wheel- 
house, and installation costs have been kepi to a 
minimum by the use of a made-up cable form 
10 ft long, which is attached to the transceiver 
and plugs into the display unit. A panel on the 
front of the transceiver carries the range selector 
switch, a brilliance control for the range rings, 
and gain, sea clutter and rain clutter controls. 
The power supply is controlled by a mains 
switch; and focus, brilliance and fine tuning 
controls—which are seldom used—are mounted 
on the rear of the display unit. Five ranges are 
provided, covering 0-6, 1-5, 4:0, 8-0 and 14-0 
miles. 

The normal supply voltage is 24 V d.c. pro- 
vided by batteries with or without float charge. 
A stabilised power unit in the transceiver makes 
fluctuations in supply voltage from 20-5 to 32 V 
permissible. 

The scanner assembly incorporates a 3 ft 
slotted waveguide aerial in a waterproof Fibre- 
glass radome. It is designed for mounting directly 
on the roof of a small wheelhouse; but if extra 
height is needed to clear obstructions, a light alloy 
tripod mast can be supplied to increase the height 
by any amount from | ft 6 in to 8 ft. The radome 
is 41 in in diameter and 134 in high. It is easily 
detachable and serves to prevent ropes or hal- 
yards from fouling the scanner which, in small 
craft, may be placed in a more vulnerable 
position than in larger vessels. The whole aerial 
assembly weighs only 60 Ib. 
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LONDON 
** Performance of Vehicles under Transantarctic Conditions,” 
by D. L. Pratt. Automobile Division. Tues., 14 April, 
6 p.m.* 
Discussion on ‘* Plasticity Analysis in Mechanical Engineering 
Design.”” Applied Mechanics Group. Thurs., 16 April, 
6 p.m.* 
Symposium on 
BIRMINGHAM 
“Sports Cars’’ and film of Le Mans, by W. M. Heynes. 
Midland Branch. James Watt Memorial Institute, Great 
Charles Street, Birmingham. Thurs., 16 April, 6 p.m. 
FALMOUTH 
*“* Mechanical Marshalling of Railway Wagons in Works 
Sidings,” by G. W. Grossmith. Western Branch. Technical 
Institute, Falmouth. Fri., 17 April, 7.15 p.m. 


Institution of Mining and Metallurgy 


LONDON 
“* Structure of the Roan Antelope Deposit,”” by F. Mendelsohn. 


Wed., 15 April, 6 p.m. 


Liverpool Branch. College of 
Fri., 17 April, 6.30 p.m. 


** Biomechanics.” Fri., 17 April, 4 p.m. 
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Geological Society, Burlington House, Piccadilly WI Thur 


16 April, 5 p.m.* 


Institution of Production Engi 

BIRMINGHAM nemecrs 

“* Production Engineering in Textile Industry,” 

Coghlan. Birmingham Section. James Watt, Gap 

Institute, Great Charles Street, Birmingham. Weq Memoria 

7 p.m. hy 1S Ape 
ree tee Cart teas 

*“* Modern Machine Too velopment at H 

by Norman Stubbs. Peterborough Section. = Abroad” 

Peterborough. Wed., 15 April, 7.30 p.m. oun, 


Institution of Public Health Engineers 
LONDON 
“Laundering Processes: Water and Effluents.” b 
Wagg. Caxton Hall, off Victoria Street, Swi TRE 
16 April, 6 p.m.* * Thur, 
Institution of Railway Signal Engineers 
YORK 
Annual General Meeting. York Centre. §j i 
Toft Green, York. Wed., 15 April, 5.30 p.pee 7 Sthoo, 


Institution of Structural Engineers 
LEEDS 


Annual General Meeting and Brains 
Questions.” Yorkshire Branch. Metropole Hotel King 
* % $ 


Street, Leeds. Wed., 15 April, 6.30 p.m. 
Junior Institution of Engineers 


Trust on « Any 


LONDON 
*““Some Mechanical 
Fri., 17 April, 7 p.m.* 
Liverpool Engineering Society 
LIVERPOOL 
Annual General Meeting. Wed., 15 April, 6 p.m. 


Modular Society 
LONDON 


Open Meeting. Building Centre, 26 Store Street, we; 
Wed., 15 April, 6 p.m. 
North East Coast Institution of Engineers and 
Shipbuilders 

NEWCASTLE UPON TYNE 

*“Some Shipowners’ Problems,” by R. Munton. Nevill 

Hall, Newcastle upon Tyne. Fri., 17 April, 6.15 p.m.* 

Reinforced Concrete Association 

BIRMINGHAM 

““Use of Lightweight Concrete for Reinforced-Corcrete 

Structures,” by A. Short. Midland Counties Branen 

Birmingham and Midland Institute, Paradise Street, Birming. 

ham. Tues., 14 April, 6 p.m.* 


Royal Aeronautical Society 


Students’ Problems,” 


by E. Wood 


LONDON 
All-Day Discussion on ‘* The Structural Effects of Kinetic 
Heating.” Institution of Mechanical Engineers, | Birdcage 
Walk, St. James’s Park, SWI. Tues., 21 April, 9.45 a.m, 


Royal Statistical Society 
LONDON 


‘** Economics of Housing and Urban Development,” by P. A 
Stone. London School of Hygiene and Tropical Medicine, 
Keppel Street, WCI. Wed., 15 April, 5.15 p.m.* 
EDINBURGH 
“Statistics in the Design of Aircraft Components,” by 
W. S. Smerdon. Edinburgh Industrial Applications Group 
25 Charlotte Square Edinburgh. Wed., 14 April, 7.30 p.m, 
Scientific Film Association 
LONDON 
Scientific and Documentary Films from Czechoslovakia 
Shell-Mex House, Strand, WC2. Wed., 15 April, 6.30 p.m. 


Society of Chemical Industry 
LONDON 
“Studies in the Influence of Chemical Factors on the 
Corrosion of Metals,” by Professor W. Feitknecht. Tues, 
14 April, 6.30 p.m.* 


Society of Instrument Technology 
LONDON 
Annual General Meeting of the Control Section. “ Self- 
Optimising Control System for a Certain Class of Randomly- 
Varying Inputs,” by A. P. Roberts. Manson House, Portland 
Place, Wil. Thurs., 16 April, 6 p.m.* 


The address and telephone number of the headquarters of each institution are given below. Meetings 
in the headquarters town are held there unless otherwise stated. Particulars for this feature should 
reach the Editor not later than three weeks before the date of the meeting. 


* An asterisk is placed where it is understood that refreshments are available prior to the time stated. 


Association of Supervising Electrical Engineers, 23 Bloomsbury 
Square, London, WCI. (LANgham 5927.) 

British Computer Society, Finsbury Court, Finsbury Pavement, 
London, EC2. (MONarch 6252.) 

British Institution of Radio Engineers, 
London, WCI. (MUSeum 1901.) 

Building Centre, 26 Store Street, London, WCI. 
5400.) 

Chemical Engineering Group, 14 Belgrave Square, London, 
SWI. (BELgravia 3647.) 

Chemical Society, Burlington House, Piccadilly, London, WI. 
(REGent 0675.) 

Combustion Engineering Association, 6 Duke Street, St. James’s, 
London, SWI. (WHltehall 5536.) 

Illuminating Engineering Society, 32 Victoria Street, London, 
SWI. (ABBey 5215.) 

Institute of Fuel, 18 Devonshire Street; Portland Place, London, 
Wi. (LANgham 7124.) 

Institute of Marine Engineers, Memorial Building, 76 Mark 
Lane, London, EC3. (ROYal 8493.) 

Institute of Metals, 17 Belgrave Square, 
(BELgravia 3291.) 

Institute of Petroleum, 61 New Cavendish Street, London, WI. 
(LANgham 3583.) . 

Institution of British Agricultural Engineers, 6 Buckingham Gate, 
London, SWI. (TATe Gallery 8589.) 

Institution of Chemical Engineers, 16 Belgrave Square, London, 
SWI. (BELgravia 3647.) 

Institution of Civil Engineers, Great George Street, London, 
SWI. (WHltehall 4577.) 

Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, WC2. (TEMple Bar 7676.) 

Institution of Electronics, 78 Shaw Road, Thornham, Rochdale, 
Lancs. (Oldham Main 6661.) 

Institution of Engineering Designers, 38 Portland Place, London, 
WI. (LANgham 8847.) 

Institution of Engineering Inspection, 28 Victoria Street, London, 
Wi. (ABBey 3794.) 

Institution of Engineers-in-Charge, 13 Grange Close, Edgware, 
Middlesex. (MILI Hill 3543 ) 


9 Bedford Square, 
(MUSeum 


London, SWI. 


Institution of Heating and Ventilating Engine2rs, 49 Cadogan 
Square, London, SWI. (SLOane 3158.) 

Institution of Highway Engineers, 47 Victoria Street, London, 

Wi. (ABBey 3891.) 

Institution of Locomotive Engineers, 28 Victoria Street, London, 
SW (ABBey 6672.) 5 

Institution of Mechanical Engineers, | Birdcage Walk, St. James's 
Park, London, SWI. (WHItehall 7476.) 

Institution of Mining and Metallurgy, 44 Portland Place, London, 
WI. (LANgham 3802.) 
Institution of Production Engineers, 
London, WI. (GROsvenor 5254.) 
Institution of Public Health Engineers, 
London, SWI. (VICtoria 3017.) 

Institution of Railway Signal Engineers. 
Weedon, 222 Marylebone Road, London, NWI. 
sador 7711.) 

Institution of Structural Engineers, 11 Upper Belgrave Street, 
London, SWI. (SLOane 7128.) 

Junior Institution of Engineers, Pepys House, 14 Rochester Row, 
London, SWI. (VICtoria 0786.) 

Liverpool Engineering Society, 9 The Temple, 24 Dale Street, 
Liverpool 2. (Central 3717.) wc? 

Modular Society, 22 Buckingham Street, - 
(TRAfalgar 4567.) ee 

North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle upon Tyne 1. (Newcastle 20289.) 

Reinforced Concrete Association, 94-98 Petty France, London, 
SWI. (ABBey 4504.) wi 

Royal Aeronautical Society, 4 Hamilton Place, London, WI. 
(GROsvenor 3515.) 

Royal Statistical Society, 21 
(WELbeck 7638.) 

Scientific Film Association, 3 Belgrave Square, Lon¢ 
(BELgravia 6188.) Swi 

Society of Chemical Industry, 14 Belgrave Square, London, . 
(BELgravia 3681.) Street 

Society of Instrument Technology, 20 Queen Anne Street, 
London, WI. (LANgham 4251.) 


10 Chesterfield Street, 
118 Victoria Street, 


Apply to Mr. R. L. 
PIN (AMBas- 


London, 


Bentinck Street, London, WI. 
jon, SWI. 











ING 


+ Than, 


3. A. 
f D 


IS Apri 


\broag.” 
T3coun 


RE 
Thur, 
Schoo), 


“ Any 
» King 


Wood 


WC) 


Neville 


T Crete 
ranch 
Ming- 


inetic 
cage 


PA 
icine, 


the 
1€s, 


elf 
nly- 
and 


ild 








ENGINEERING April 10, 1959 


construction 





THREE DIMENSIONAL CURVED TRUSS AS REPAIR SHED 


ue beehive-like structure shown in the illus- 
T tration is an unsupported shell of 321 
onal panels of 11 gauge sheet steel welded 


wor Described as a geodesic dome, it is 
wii in diameter and 120 ft high and is to be 


ised a8 @ railway repair shop by the Union Tank 
Car Company at Baton Rouge, Louisiana, USA. 

The dome has been designed as a three-dimen- 
sional curved truss. It is a unit-cell system about 
4ft thick with the arc welded panels forming the 
weather skin. Outside the panels is a supporting 
network of 4 in pipework and tie rods which are 
interconnected and anchored to the outer foun- 
dation ring through welded steel hinge-pins 
and plates; a detail of some of the foundation 
ring cells is shown in the lower illustration. 
inside the skin is the secondary tension system 
of the truss. This second illustration, taken at 
ihe start of erection, shows how the hexagonal 
panels and the pipe and tie rod supports, each 
cell has sides of about 9 ft, are interlocked to 
extend the dome surface progressively. 

No scaffolding was required to assist erection, 
but six long-boom cranes were used to raise the 
truss cells. The steel panels were fabricated and 
welded by hand over jigs at the site. Altogether 
500 tons of steelwork were used. The basic 
design of the dome was evolved by Mr. R. 
Buckminster Fuller and it is claimed to show 
significant advantages in terms of erection, low 
cost for unit area covered, freedom from interior 
obstructions, low upkeep and an exceptionally 
small resistance to wind. The cost of the struc- 
ture was $3 million. 

The interior of the repair shed is laid out with 
36 separate repair tracks in the form of spokes 
ofalarge wheel. Three incoming tracks include 
one for inspection, and the three outgoing tracks 
include one passing through an outside paint 
tunnel of similar construction to the main dome. 
At the cntre cf the interior there is a smaller 
dome, housing a raised control tower, from which 
all parts of the working area can be observed, 
and also offices, canteen and other facilities. 

The general contractor on the project was 
Nichols Construction Company of Baton Rouge; 
the welding was undertaken by the Lincoln 
Electric Company, Cleveland, Ohio, USA, who 
supplied both the information and photographs 
for this article. 


WATER FLOW 


The formulae dealing with the flow of water in 
open channels and pipes have been developed 
so that they can be expressed in graphical form. 
The work has been done at the Hydraulics 
Research Station and the results have been 
sued in two research papers.* 

After fully reviewing the subject of hydraulic 
friction, paper No. I, “ Resistance of Fluids 
Flowing in Channels and Pipes,” gives the 
mathematical development of the formulae and 
of the recent extensions. Paper No. 2, ‘* Charts 
or the Hydraulic Design of Channels and 
Pipes,” contains 28 design charts based on the 
Colebrook-White formula. These charts cover 
4 wide range of conditions, materials of con- 
‘uction and cross-sectional shapes for conduits, 
and range from hydro-electric power channels 
of 8ft diameter down to | in diameter copper 
piping. The use of the charts is illustrated by 
4 number of worked examples which include 
‘alculations for an oil pipeline, concrete-lined 
channels of rectangular and trapezoidal cross- 


of rpdraulics Research Paper No. 1, “ Resistance 
uids Flowing in Channels and Pipes” (85 6d, 
kag a; USA, $1-53). Paper No. 2, ‘* Charts 
r © Hydraulic Design of Channels and Pipes ” 
‘S, by post 12s 8d; USA, $2-16). Both are pub- 


= for DSIR by HMSO, Kingsway, London, 





Railway tank wagon 
repair shed. It is a 
steel dome 384 ft in 
diameter formed from 
stressed steel panels. 


Detail of some of 
the lower truss cells 
erected above _ the 
foundation ring. 


CALCULATIONS 


sections, and also drains flowing with a free- 
water surface. 

The flow of water in channels has been well 
studied over the past 200 years and many formulae 
have become available to the designer. These 
formulae, however, are of generally limited 
application because of the difficulty of selecting 
the one appropriate to a given set of conditions. 





In the 1930’s Dr. Colebrook and Professor White, 
working at Imperial College in London, used 
the then new theories of turbulence to bring 
most of the factors relating to hydraulic friction 


within the scope of one equation. Though 
recognised to be the best equation so far devised 
it has been too complex for every-day design. 
The work of the Hydraulics Research Station 
remedies this and presents the Colebrook-White 
equation in a form that is convenient for drawing 
office use. 


MULTI-PURPOSE BARRAGE IN PAKISTAN 


The £9 million Taunsa Barrage was opened by 
the President of Pakistan last month. It will 
open up irrigation possibilities affecting the 
welfare of 1-4 million people by greatly raising 
the output of wheat, cotton and rice in the Dera 
Ghazi Khan and Muzaffargah districts in the 
Western Punjab, Pakistan. 

This is a multi-purpose scheme consisting of a 
4,346 ft barrage across the Indus with two link 
canals on either side. It gives weir-controlled 
irrigation to about 1-5 million acres. The 
barrage has been completed but the canals are 
still being dug. The former consists of a mass 
concrete diversion dam of about | mile in length 
to head-up the lowest water level to a maximum 
of 27ft. This heading-up is effected by steel 
gates operated from an overhead steel bridge. 





There are under-sluice pockets on each side of the 
barrage made by divide-walls and these pockets 
keep a clear channel of the river in front of the 
two canals and help in washing out accumulated 
silt. Provision has been made for the passage 
of craft on the river. 

The road bridge on the barrage will be a 
national highway from Lahore to Quetta. The 
road is 24 ft wide and will take heavy vehicular 
traffic. There is also provision for the North 
West Railway to put a track on the barrage when 
they wish to do so. The piers of the barrage 
rest on wells which make them independent of 
the barrage floor and a watertight joint has been 
provided between the wells and the floor to 
allow settlement of the wells under the loads 
coming on the piers. 


| 
| 
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Book Reviews 


COMMON MOTIVE 


Jane’s Fighting Ships, 1958-59. Compiled and 
edited by RAYMOND V. B. BLACKMAN. (105s). 
Jane’s All the World’s Aircraft, 1958-59. Com- 
piled and edited by LEONARD BRIDGMAN. 
(105s). World Railways, 1958-59. Edited and 
compiled by HENRY SAMPSON. (105s). Sampson 
Low, Marston and Company Limited, 25 Gilbert 
Street, Oxford Street, London, W1. 


At first sight there is not a great deal that these 
three well-known reference books have in 
common, save that they emanate from the same 
publishing house; but in fact they do very 
strongly reinforce each other as indications of 
a highly significant trend, namely, that the 
modern world is relying to an ever-increasing 
extent upon oil. Of the 10,500 ships, belonging 
to 66 navies, included in this, the sixty-first, 
issue of Fighting Ships, all but a few vessels, 
mostly auxiliaries and relatively unimportant 
from the military point of view, burn oil in one 
way or another. With one reported exception, 
the Soviet nuclear-powered bomber, all the 
world’s aircraft use petroleum products; and, 
while there are still many thousands of coal-fired 
steam locomotives in use, their numbers are 
decreasing daily and there are few railways left 
in the world on which coal alone is used. One 
of the most impressive features in World Railways, 
indeed, is the item ‘* Motive Power Trend,” 
in which, for the more important systems 
described, figures are given for several recent 
years showing the proportion of the total train- 
miles covered by steam, diesel and electric 
traction, respectively. 

Twenty years ago, Fighting Ships listed 52 
_ Navies, where now there are 66. Then, Britain 

alone had more battleships, in being and under 
construction, than remain in the world today; 
and of those that do remain, only 18 all told, 
not one is operational. The cruiser appears to 
be going the same way, the only positive move 
to perpetuate the type in the past two decades 
having been made by Russia—and the Russians 
now seem to have thought better of that policy, 
for it is reported that the last six ships of the 
Sverdlov class of 24, still under construction, 
are likely to be completed with a different arma- 
ment, possibly of guided-missile launchers, 
which would bring them into another category. 
What that category may eventually be is a little 
hard to predict, for though NATO countries 
also have been planning along similar lines, all 
the guided-missile surface ships that they have 
put into service so far have been hybrids and 
frankly experimental. 

Meanwhile, as Mr. Blackman observes in his 
comprehensive foreword, the functions and 
characteristics of the light cruiser, the destroyer 
and the frigate are tending to merge ever more 
completely into a composite type, though with 
many variations to meet specific needs such as 
anti-submarine, anti-aircraft or directional duties. 
There is a distinct leaning, however, towards the 
view that the anti-submarine vessel of the future 
will be another submarine; an interesting parallel 
to the development of the destroyer for the initial 
purpose of countering the torpedo-boat. The 
submarine, indeed, continues to bulk ever more 
largely in successive issues of Fighting Ships and, 
particularly in the United States Navy, to evolve 
a greater variety of distinctive forms. Two 
of the most interesting craft in the present 
edition are the US nuclear-powered “ fleet 
ballistic missile submarine,’ designed to fire 
* Polaris *’ missiles from beneath the surface 
of the sea, and the “ radar picket submarine ” 
Triton of the same navy, also nuclear-powered. 
The latter, with a submerged displacement of 
8,000 tons and a surface speed of 30 knots, is 
due for completion in May, 1959; she is cer- 
tainly the largest, and probably the fastest, 
submarine ever built. The submarine tanker, 
introduced by the Germans during the war to 


refuel their ‘wolf packs,’ has temporarily 
dropped out of the picture, but may be expected 
to reappear in the not very distant future. 

In brief, it may be said that, apart from the 
fleets of the NATO countries and of the USSR, 
most of the naval forces illustrated—certainly, 
most of those which have come into being in 
the past 20 years—present no novelty and, 
indeed, little practical utility. The age-old urge 
to “‘ keep up with the Joneses ’’ represents the 
principal raison d’étre for most of them, other 
than police duties, for which a few motor 
gunboats would be adequate in the majority of 
cases. 

One of the most striking features of the contents 
of All the World’s Aircraft is the increasingly 
close resemblance between modern high-speed 
aircraft types and the missiles that many of them 


‘ carry; which, after all, is not so very surprising, 


though it is only in the past five years or so 
that the tendency has become so marked. This 
applies, of course, to the military types; passen- 
ger aircraft, both for commercial and private 
use, have changed less in their general character- 
istics, the principal advances in this category 
being in the method of propulsion. On this sub- 
ject, Mr. Leonard Bridgman, in his preface, 
introduces some interesting statistics. Of the 
99 pages comprising the aero-engine section of 
the book, 65 are now devoted to gas turbines 
and rocket power-plants, and only 37 pages to 
piston engines; and more than a third of the 
illustrations in this section are new. Jet- 
engined airliners to the number of some 450 
are on order, for delivery in 1959 and 1960, 
and it is recorded that ‘“‘ the production of 
American piston-engined airliners ceased in 
1958”; though Mr. Bridgman quotes an Ameri- 
can estimate that from a third to a half of all 
aircraft operated by American airlines in 1962 
will still be using piston engines. 

Also on order for delivery in 1959 and 1960 
were some 250 aircraft with turboprop engines. 
It is a matter for pride that, as the preface states, 
more than 370 turboprop airliners were in service 
on the world’s airways when it was written, 
the whole of them being of British design and 
manufacture. 

The principal sections in the book are those 
listing the operators of civil airlines, with parti- 
culars of the aircraft used, mileage flown passen- 
gers and freight carried, routes covered, and so 
on; the types of aircraft produced in different 
countries, classified under the names of the, 
makers; guided missiles, gas-turbine engines 
and piston engines, all similarly classified. 
Very full indexes are provided, separately cover- 
ing ‘“normal’’ aircraft, rotary-wing aircraft, 
and engines, and, in each category, their makers. 
Diagrams are given of the wing markings of all 
military and naval aircraft, and a list of the 
international system of markings for civil aircraft. 

Probably the most important section of World 
Railways to the average user is that containing 
tabulated data of the railways of the world, 
more than 1,500 in number; but the searcher 
after specific and more specialised information 
will turn first to the ‘‘ Amplified Details of Major 
Railways,” which cover some financial results, 
notes on motive-power trends (previously men- 
tioned), statistics of rolling stock, particulars of 
track, signalling systems, and, where applicable, 
notes on extensions and on lines recently closed. 
Illustrations of locomotives and other rolling 
stock are liberally provided; partly in connection 
with the ‘“*‘ Amplified Details,’ by partly also in 
the subsequent section dealing with the principal 
builders of locomotives and rolling stock in the 
various countries. 

Users of the book who wish not merely to check 
particular details and figures, but to obtain an 
overall picture of the state of rail transport 
generally, the diificulties that it is encountering 
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in many parts of the world, and the Steps that 
being taken to meet and overcome them . 
be recommended to study carefully Mr. He” 
Sampson’s foreword. His presentation otf 
railways’ case is able and persuasive; eae 
does not, perhaps, take into account quite sf 
ciently a tendency among railway Managemen 
—a consequence, it would seem, of their on 
virtual monopoly of cross-country mags o 
port—to want to mould the traffic to the SETVices 
instead of adapting the services to encoura 
more traffic. , 

There are hopeful signs of improvement in this 
respect on British Railways, and to some extent 
elsewhere, but the process is slow and there is 
much leeway to make up. People used to tray, 
by rail because it was the best way and, in many 
instances, because they liked it. Now, to 
often, they do so only when they must. Withoy; 
seeking to controvert anything that Mr. Sampson 
says about the legislative and other handicaps of 
railway operators, it may be suggested, Perhaps 
that as a class they have still not gone far oy 
of their way to restore and promote in the public 
mind any enthusiasm for railways; and tha 
unless and until they do, their struggle to balance 
the books is likely to continue. 


TRADE PUBLICATIONS 


Copies of any of the following trade publication; 
are obtainable from the addresses given, though 
distribution is sometimes restricted. 


Plant 


Gas Scrubbers. STURTEVANT ENGINEERING Co, L1p, 
Southern House, Cannon Street, London, EC4. 
Gas scrubbers for industrial plants. Three type 


for different conditions and gases. Publication 
6510. 


Automatic Control Valves. MAGNETIC VALVE Co. 
Lrp., 28 St. James’s Place, London, SWI. 
Magnetic valves, various types, high and low 
pressure, together with their ancillary equipment, 
thermostats, strainers, etc. Catalogue with con- 
version charts and data, MVC 24. 

Electromechanical Brakes. LANCASHIRE DyNAMO 
AND Crypto LTD., St. Stephen’s House, Victoria 
Embankment, London SWI. Examples of the 
use of a.c. and d.c. electromechanical brakes. 
Folder ML87. 

Instrument Servicing. NEGRETTI AND ZAMBRA LID. 
122 Regent Street, London, W1. List of the firm's 
overseas sales and service agents; their genera 
catalogue is now published in 10 languages. 

Mining Equipment. WESTINGHOUSE BRAKE AND 
SIGNAL Co. Ltp., 82 York Way, Kings Cross 
London, N1. Revised leaflets CP 6 (pneumatic 
control valves; 14 (tub stop); 16 (axle counters), 
and 18A (hydraulic axle catches). 

Grain Scourer. THOMAS ROBINSON AND SON LID, 
Rochdale. All-metal grain scourers with capac 
ties from 80 to 240 bushels per hour. Leafiet. 

Microphones. AMPLIVOX LTD., Beresford Avenue, 
Wembly, Middlesex. Light-weight noise-canct 
ling and low mass mask microphones; also mini- 
ture earphones fully tropicalised. Leaflets. 

Pipe Bending. CHAMBERLAIN INDUSTRIELS LID, 
Staffa Works, Staffa Road, Leyton, London, El0. 
“Press Bending” is a manual on the use of the 
firm’s pipe bending equipment for steam, gas an 
copper tubes. Includes tables of lengths and 
weights. 

Coil-Winder. FRANK WuiTELeGG Lrp., 304 High 
Street, Sutton, Surrey. Automatic medium wife 
bobbin and transformer winder. Wire diamele 
range from 16 to 46 s.w.g.; coil diam 11 in, mas, 
traverse length from } to 10 in. Also paper-culting 
and toroidal winding machines. Bulletin B3. 

Trays and Bins. PRECISION COMPONENTS (BARNET) 
Ltp., 13 Byng Road, Barnet, Herts. Plastics 
trays and bins for storage and bench assembly. 
Several shapes. Leaflets. 

Suction Strainer. | MEGATOR Pumps AND S 
pREssoRS LTD., 43 Berkeley Square, London, ™". 
The Dolphin floating suction strainer for drawing 
from always just below the surface. wene 
impact-resisting plastics. Leaflet in three !at 
guages. 
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ROTARY AMPLIFIERS 


Elektrische Maschinenverstarker. By G. LOOCKE. 
Berlin 1958. Springer-Verlag (Heidelberger 
Platz 3, Berlin- Wilmersdorf, Germany). 


Rotating amplifiers, which are special versions of 
dc. generators for the field excitation of large 
electric generators and motors, have become 
indispensible since H. W. Leonard devised his 
dassic arrangement. The author’s treatise deals 
with the principle and applications of such 
machines for rolling mills, mining transport, 
hoists, cranes and winches, paper-making, electric 
ids, traction (including diesel-electric drives), 
ship installations (from servo controls to floating 
cranes), copying machine-tools, radio telescopes, 
electric gun turrets, dredger control, remote- 
handling devices and the like. Rotating amplifiers 
are practical for an order of amplification of 10°, 
whilst electronic and magnetic amplifiers tend 
«o become unpractical above 10° amplification, 
besides being neither as simple nor as reliable. 
The author of this well-balanced and informa- 


tive ‘textbook has referred to developments 
carried out in all parts of the world, including 
Russia. British work is fully represented although 
more extensive reference to current literature 
would be appreciated. After all, the book is not 
intended merely for design specialists in this 
field—the project engineer for electrical installa- 
tions could equally profit from it. 

The book is well written and comprehensive, 
and begins with a general introduction to the 
features and problems of machine amplifiers for 
position (sequence) adjustment, control and 
regulation in electric networks, and of electric 
motors, respectively. The next part deals with 
the general principles of design and with the 
various solutions which have hitherto been 
adopted. The remainder of the book is devoted 
to practical applications and discusses the 
pertinent control and regulation problems. 
Theory is given in a concise form wherever 
needed. The addition of a list of the symbols 
used with definitions would be desirable. 


COMPLEX DEFORMATION 


Nichtlineare Mechanik (Non-linear Mechanics). 
By HANS KAUDERER. Berlin, 1958. Springer 
Verlag, Heidelberger Platz 3, Berlin-Wilmers- 
dorf, Germany. 684 pp. with subject index. 
(64.50 DM) 

Dr. Kauderer is professor of mechanics at 

Hannover Technical University. The scope of 

the work is less than its title leads one to presume 

since, in fact, it only covers the theory of elastic 
deformation subject to non-linear stress-strain 
laws, whereas the treatment of oscillations 
absorbs the remaining three-quarters of the 
text. The reason for such a limitation in scope 
is that these two subjects alone are generally 
treated by linearised classical theories; and these 
often prove insufficient approximation to physical 
reality. On the other hand, in hydrodynamics, 
in gas dynamics and in gyroscope mechanics, the 
theoretical treatment generally followed is already 
non-linear. The author, therefore, omitted these 


subjects: also omitted are electrical oscillations. 


Throughout this textbook, complete numerical 
calculations of practical engineering problems 
are included. This renders the book not only 
excellent for private study but also useful for the 
practical engineer who finds himself occasionally 
confronted with problems which demand more 
strict, that is, non-linear theories, say, in special 
cases of torsion (for example, the wing flutter 
of aeroplanes), the bending of thin plates, self- 
excited or enforced vibrations, and so on. In 
spite of the mathematical difficulties of the 
subject, the book is most clearly written and 
kept in the simple language of an experienced 
teacher of engineering, aided by clear illustrations. 
Being a typical Springer book, it is very well 
edited. Special attention is given throughout 
to applications in practical engineering, and the 
calculation methods invoked are carefully adapted 
for such purpose. 


NEW BOOKS 


Rock Pressure in Mines. By E. pe St. Q. ISAACSON. 
Mining Publications Limited, Salisbury House, 
London, EC2. (45s) 


In this volume an attempt is made to set forth the 
principles, both theoretical and practical, that govern 
the behaviour of pressure in underground workings. 
Mathematics is kept to a minimum, and it isemphasised 
that the only satisfactory approach is to check and 
recheck theoretical deductions with observations 
made underground. 


Cast Tools. By Z. EMINGER and V. KOSELEV. 

Translated from the Czech by Cu. CASLAVSKY and 

Evans. Artia, Prague, Czechoslovakia; 

and Constable and Company Limited, 10-12 Orange 
Street, London, WC2, (20s) 


An English translation of a Czech work on a subject 
: increasing importance. The authors assume that 
the book will be read by technicians “. . . who are 
7 familiar with basic metallurgy and foundry 
; Tms, "and for this reason some 70 pages (out of 228) 
are devoted to a consideration of basic principles 
and production techniques. 
ure casting production methods, types of steel, 
Py reatment and costs are dealt with at length 
le Temaining two-thirds of the book which is 
Well illustrated throughout. 


Me ue Fixture Details and Units. By H. W. Harpy. 
, Machinery Publishing Company Limited, 
oe House, 21 West Street, Brighton 1. 

85 6d) 

an One of a series of reference books. The five 

Plers cover many different types of standard 


units used in jig and fixture work, from clamping 
devices to bushes. Each chapter is preceded by a 
short introductory note, and every unit is illustrated 
by a drawing, with tables giving standard dimensions 
for various sizes. A good index makes for quick, 
easy reference. 


Sheet Metal Work. Part II: Calculations and 
Science. By R. G. BLACKBURN and J. Cassipy. 
Edward Arnold (Publishers) Limited, 41 Maddox 
Street, London, W1. (8s 6d) 

Taken in conjunction with the joint authors’ “* Sheet 

Metal Work, Part 1”’ this book covers the syllabus 

for the City and Guilds of London Institute’s exam- 

ination at Ordinary level. In the present volume, 
calculations, science and workshop technology are 
dealt with to supplement the information given on 
geometry and pattern development in the earlier 
volume. There are well over a hundred illustrations. 

Numerous calculation exercises are provided, and the 

answers are given at the back of the book. 


Vacancies and Other Point Defects in Metals and 
Alloys. A Symposium organised by the Institute 
of Metals held on 10 December, 1957. Institute 
of Metals Monograph and Report Series No. 23. 

- 17 Belgrave Square, London, SW1. (40s) 
The contents comprise papers on the effects of point 
defects on the mechanical properties of metals and 
alloys at low temperatures and at high temperatures; 
on diffusion in metals and alloys; on the mechanical 
properties of ionic crystals; point defects near the 
surface of metal; and the effect of lattice defects on 
some physical properties of metals. 
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On the Shelf 
By Frank H. Smith 


One certainly has to hand it to the “ Civils.” 
They do keep abreast. In the Proceedings for 
March there is a list of subjects on which the 
Council invites papers—24 of them and number 
23 is “* Diving, including skin diving.” Very 
commendable. The correspondence page of the 
‘* civils ’’ journal has only one letter, and that re- 
turns to that lovely old battle of the classical 
education. It is quite extraordinary how many 
engineers feel that a basis of Latin and Greek is a 
Good Thing and I sometimes wonder who are 
the people who maintain that specialisation in 
technical subjects to the exclusion of the classics 
at an early age is desirable. Surely it cannot be 
the scientists ? 

A leaflet from Butterworth, 88 Kingsway, 
London, WC2, advertises P. E. K. Donaldson’s 
‘* Electronic Apparatus for Biological Research ” 
at £6. The leaflet is chiefly a large photograph 
of some elaborate piece of apparatus of torches 
and wires and clamps and microscopes all con- 
centrating on a pathetic little frog in the bottom 
of the picture. It all reminds me of the fable of 
the mountain that heaved and puffed and panted 
and finally produced a small mouse. 

Specialisation in technical journals is reaching 
new levels and one devoted solely to cobalt and 
called—strangely enough, Cobalt is produced by 
“Centre d'information du cobalt’’ Brussels. 
It is a quarterly publication and is in English. 
35 rue des Colonies is the exact address, but for 
my American friends (two of them have written 
to say they are) there is a Cobalt Information 
Center (sic) c/o Battelle Memorial Institute, 
505 King Avenue, Columbus 1, Ohio. As well 
as articles on the metal there are abstracts. 

Texas Instruments Limited, Bedford, produce 
** Semiconductor Application Reports,’ each 
one of which is devoted to a specific aspect of 
the art. The first two had no distinctive numbers 
but that issued in October, 1958, suddenly 
acquired Volume | No. 3 so I assume those issued 
in March and May are Nos. | and 2 The same 
concern published ‘* Semiconductor Data Sheets” 
with no visible price. 

An interesting little leaflet can be obtained 
from HMSO (Kingsway for personal calls or 
P.O. Box 569, SE1) giving publications of the 
Organisation for European Economic Co-opera- 
tion. Titles that may be of interest are ‘* The 
Textile Industry in Europe,” “ 11th Survey of 
Electric Power Equipment,”’ and “ Fitting the Job 
to the Worker ”’ which are but three of several. 

The poor old British lion does a lot of getting 
around these days. He’s on eggs, ties, railway 
rolling stock and now he’s on the badge of the 
British Productivity Council. What’s more he’s 
stuck atop a cog-wheel with an agonised look on 
his silhouetted face that makes it look as though 
he’s tramping a tread-mill—as he probably is. 

Optics and Spectroscopy need hold no fears 
in Russian now that Interlanguage Dictionaries 
Publishing Corp. (the titles they get!) have 
published an up-to-date glossary on _ those 
subjects. Seventy-eight pages for $10. Anyway 
they've managed to squeeze in 4,000 terms 
“culled primarily from several thousand pages 
of the most recent issues of pertinent Soviet 
journals.”’ . The corp’s address is 227 West 17th 
Street, New York 11, USA. 

The National Office Management Association 
have me a bit confused so I will give you their 
paragraph verbatim and you can sort it out. 
**R. L. Harrell of the Reader’s Digest Associa- 
tion, Inc., Pleasantville, New York, who is 
Chairman of the Office Automation Committee 
of the National Office Management Association 
announces several new publications by the 
Technical Division of the Association in the 
automation field.” Got it? It seems to boil 
down to an Automation Bibliography and a 
Glossary of Automation Terms at $2 a touch 
from National Office Management Association, 
1931 Old York Road, Willow Grove, Pa., USA. 
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Metals and Materials 


I I I »-SEAL FOR USE IN HYDRAULIC SYSTEM. 
F O R REVISED SPECIFICATION 
MAJOR REQUIREMENTS 


ne Low Set and Smail 


hen immersed in the Operating Fluid. 
»rmal Operating Temperature 


RUBBER PRODUCTS | 3 ani 


A Call for Rationalisation 








A compound is required having 


lume Change 


ceding 


Maximum operating pressure 


A sketch of part-assembly is appended 


ICAL PROPERTIES 
smpound shall « oanform to the following p 


Tests to be in accordance with the Methods of BS9 


where otherwise stated 
{a) HARDNESS: - BS° ‘ 
(b) TENSILE STRENGTI - as determine 


By H. F. L. JENKINS 


B.Sc., A.F.R.Ae.S., AI.RI., A.dnst.P., 
Manager, Development Division, 


Dunlop Research Centre 
and F. BASTOW 


Director, Dowty Seals Limited 


{c) ELO 


GATION AT BREAK 
i) COMPRESBION SET: Type i 


compression for 24 


10 mins. recovery - . 


{e) AGEING 
After a fein 


g in air for 7 day 


le strength lb. sq.i 
Elongation 


+ 
Tensi 


at break - 


f) FLUID RESISTANCE 


To the rubber manufacturer “ best red rubber” is as inexplicit as 


** strongest metal” is to the metallurgist, but although laughable, 
such specifications are still being presented to manufacturers of 
The authors of this article have 


rubber and rubber components. 


undertaken, by presenting examples of good and bad practice, to 
show constructively how rubber specifications may be put on a 
sounder basis; this comes at a time when the Federation of British 
Rubber and Allied Manufacturers are considering how far it would 
be appropriate to call a general meeting between engineer-users 
and rubber manufacturers, possibly in conjunction with the British 


Standards Institution. 


HE RUBBER industry is only about 140 years 
old and during the first hundred years 
progress was by a laborious process of trial and 
error. It is only during the last twenty or thirty 
years that scientific methods have been applied to 
solving its problems, particularly those problems 
associated with the manufacture of products to 
meet an ever-widening range of performance 
requirements. During this period progress has 
been extremely rapid, aided by the multiplicity of 
new synthetic materials which the chemist is 
offering, combined with new testing methods for 
assessing the suitability of products for specific 
conditions. 

It is probably true to say that in few other 
industries has there been such rapid progress 
in such a short space of time. This rate of 
progress has resulted in a marked contrast 
between the products and processes existing 
today and those existing only twenty years ago. 
The new knowledge available is well distributed 
in the industry itself by reason of the work of 
such bodies as the Research Association of 
British Rubber Manufacturers and the British 
Rubber Producers’ Research Association, 
coupled with the research and development work 
carried out by individual manufacturers and 
consolidated by the British Standards Institution. 
This knowledge however, is not necessarily so 
well distributed among the users of rubber 
products, particularly among those whose duty 
it is to specify component requirements when 
placing orders. 

It is true that a certain number of recent 
publications aim to inform the engineer-designer 
of what properties can today be expected of 
rubber and plastics material. Some of these 
publications are indicated at the conclusion of 
this article. It is however, by no means certain 
that they have reached the majority of those 
whom they would most benefit, or that the 


information they contain can be put to effective 
use. It may ‘be informative to give a few 
examples showing how inappropriate specifica- 
tions have resulted in the consumer failing to 
benefit from current progress. 


INAPPROPRIATE SPECIFICATIONS 


Specifications for brake seal components 
demanded high tensile strength and elongation 
at break, although the units were never used in 
tension and were only extended a few per cent 
when fitting. Because of the irrelevant require- 
ments it was impossible to use synthetic rubbers 
having low permanent set, high swelling resist- 
ance and excellent maintenance of initial proper- 
ties. 

An ozone-resistant rubber was called upon to 
have the additional quality of low swelling in a 
variety of solvents at 70°C. However, investi- 
gation revealed that the component was only 
required to possess the ability to withstand 
occasional surface contamination. 

The specification for another rubber com- 
ponent insisted that the compound should con- 
tain a large proportion of zinc oxide. When it 
was pointed out that modern compounding 
practice enabled higher quality to be obtained 
without this feature, the rather surprising 
reply came back that these compounds had been 
used since the turn of the century, had been found 
satisfactory and there was no reason why they 
should be changed. 

A simple washer, for use with cold water, was 
covered by the most elaborate specification for 
tensile strength, hardness, elongation at break, 
compression set, before and after ageing. The 
only thing really required was low compression 
set and water resistance, so that all the original 
specification did was to inflate the material cost 
very considerably without improving perform- 
ance. 


After imr 


ersion in Hydr. Flu ys at 70°C 


- BS 
yn set: As {d) above. Sample previously 
»n0 . 
for 72 hrs. at 70°C. Set calculated on 


ersed 


r t nensions max. 


} LOW TEMPERATURE FLEXIBILITY 
Rigidity Modulus 


PSS 650 tales, 


A specification for a rubber ring insisted ona 
certain hardness, and samples to meet this 
demand were approved. When __ subsequent 
service complaints were investigated it was 
discovered that there was a need for extremely 
high abrasion and heat resistance. 

On the electrical side, a switchboard mat for 
use at 650 V, test voltage 15 kV, was ordered to 
be tested to 45 kV. Gloves for use at 650V, 
test voltage 5,000 V, were ordered for use a 
1,100 V, test voltage 10,000 V. These require: 
ments obviously arose because of a natural 
desire to have a high factor of safety, but resulted 
in the use of a far more expensive compound 
in extra thickness than normal safety factors 
called for. 

Examples like these could be quoted ai 
infinitum. ‘ Standard ’’ phrases still appear on 
drawings, such as, ‘to be made in synthetic 
rubber” (without saying what type), “to b& 
identical to the sample enclosed” (without 
saying what the properties are or what the 
product has to do), or just “ good quality red 
rubber.” Many specifications also call for 
properties which are in no way realistic 10 
relation to service conditions. 

The confused situation shown by thes 
examples can be viewed under three headings:— 


(1) Variation of Actual Test Conditions 


It is common practice for users to call for 
tests which are essentially those agreed nationally 
or internationally, but which differ from ¢ 
standardised methods in some small but impor 
tant respect. For instance, oven ageing may 
required at some unusual temperature, eed 
pression set may be specified at an unfaml . 
compression ratio; or swelling capacity t0 
examined after some non-standard period 0 
immersion and temperature. 

Swelling tests are particularly liable to random 
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in the methods specified. For instance, 
r of swelling fluids ——— on the 

h claiming particular features, is 
_— Most of them have not been covered 
eight specifications. There are also cases 

a a fluid marketed under a certain name or 
om tion varies with the manufacturer’s plant 
z 4 considerable degree. Immersion time also 
differs widely and in 29 specifications 8 different 
immersion times appeared, ranging from 8 hours 
to 3 weeks. Similarly with immersion tempera- 
tures; 30 different specifications for example, 
called for 12 different temperatures, ranging from 
room temperature to 200° C, and including the 
boiling point of a coolant mixture. It is not 
always appreciated that demands such as this call 
for additional personnel and in the latter case 
involve extensive duplication of expensive oven 
equipment. Other properties are often dealt 
with in a similar manner such as, low tempera- 
ture resistance, Oven ageing, permanent set, and 

Nn. 
While it is appreciated that the user is often 

ided by or feels tempted to simulate service 
conditions, little loss of relevancy is incurred by 
specifying a test approaching the service condit- 
tions as closely as possible, within the existing 
framework of Standard Test Conditions. It is 
generally recognised that laboratory tests cannot 
be and are not designed completely to obviate 
service tests on the product. On the other 
hand, it is obvious that once a compound has 
passed the product test, routine testing will have 
to be applied to ensure uniformity of the product. 
This can, however, again be confined to standard 
methods. 

It should be remembered that laboratory tests 
are often of a comparative rather than an 
absolute nature, but serve a useful purpose as a 
guide for research or in relation to design features, 
even if direct correlation with service conditions 
is not exact. Results obtained from laboratory 
tests of this type, even if the relevant factors are 
chosen to match service conditions as closely 
as possible, are sometimes of academic value 


only. 


variations 
the numbe 


(2) Variation of Test Principle 

A great number of tests are current which 
examine a particular property in a manner 
different in principle from the standard method. 
It is usually difficult to see any advantage in 
such non-standard methods, since they generally 
offer no greater degree of accuracy or correlation 
with service conditions than the accepted test. 
They appear rather to be derived from local 
convenience or history, ignoring the careful and 
often extensive work of such bodies as the BSI 
or ISO on which standardised methods are 
founded and—this is important—for which 
apparatus is commonly available in any well- 
equipped laboratory. 


(3) Correlation of Test Results with Service 
Conditions 


A third group of tests which may be criticised 
are those which examine properties having no 
bearing whatsoever on the performance of the 
product. These are far more common than 
would be supposed. It is, in fact, not at all 
difficult to find rubber specifications from which 
the really relevant properties are completely 
absent, whilst others are made compulsory. 

Elongation at break is a very common test 
of this type, although in the product the rubber 
may be very rarely employed to its ultimate 
limit. The fact is ignored that complying with 
this test means probably sacrificing other pro- 
Perties much more important for the perform- 
ance of the product. It has been said that this 
and other such fundamental properties have been 
ound by experience to be simple measures of 
tubber quality in its widest sense and hence are 
Valuable. This may very well be so, but general 
quality can also be covered by a number of 
alternative tests which are all individually 
relevant to the particular product. 


In extreme cases most of the tests specified 
can be regarded as completely immaterial and 
therefore deprive the designer of the desired 
effect of obtaining the most suitable compound 
for the application. 


A PRACTICAL APPROACH 


It has become desirable to secure a more 
practical approach to the design of rubber 
specifications. The laboratories of two impor- 
tant rubber manufacturers charted the test 
methods outlined in 48 main specifications, 
which include 13 of Ministry and 33 of Company 
origin. A large number of these have different 
hardness qualities, the total number of individual 
requirements being in the region of 270. If each 
of these specified test conditions is made com- 
pulsory for the design and batch testing of com- 
pounds, the predicament of the rubber test 
laboratory becomes obvious. 

It should be emphasised again that much of 
this work has no direct bearing on the function- 
ing of the component. In many cases this has 
already been covered by previous routine assess- 
ment of rubber quality when the compound was 
designed and tested by standard methods. The 
present situation and the permutation of factors 
requested by users of rubber products, is causing 
much embarrassment to those rubber manu- 
facturers who are endeavouring to provide 
optimum service to customers. 

It is suggested that a more practical attitude 
be adopted by the specification designer in laying 
bare the actual service conditions, so as to 
ensure that the rubber component does its job 
efficiently, without complicating matters by the 
inclusion of unnecessary factors. It is con- 
sidered that to achieve this, specifications could 
be divided into three parts:— 

Part I.—Major requirements, stating those 
which are essential and those which are “ pre- 
ferred.”” The essentials should be restricted to a 
bare minimum. Requirements in both cate- 
gories to be established with the aid of a question- 
naire, designed to provide information on the 
primary requirements of the rubber component 
and the dimensional characteristics of the items 
adjacent to it. 

Part II1.—The kind of performance testing of 
the actual product which will satisfy the designer. 
This will be valuable during the development of 
suitable rubber compounds and may lead to a 
test under simulated service conditions, which 
could be carried out with equipment supplied 
by the purchaser. However, the appropriate 
conditions should be carefully considered in con- 
junction with a rubber laboratory. 

Part III.—This could deal with tests to be 
applied to ensure that the properties of the 
compound are maintained in regular production. 
It should list standard methods as closely as 
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possible approaching service requirements and 
should pay full attention to adequate safety 
factors, without over-emphasis to the point of 
absurdity. 

Agreed testing methods are listed in the 
various parts of British Standard 903 : 1950, 
dealing with the various characteristics of rubber 
compounds. Further work is being carried out 
at present by the International Standards 
Organisation in conjunction with the British 
Standards Institution to classify rubber com- 
pounds; this work is already being applied 
successfully in some countries. 

It cannot be too strongly emphasised that the 
engineer buyer has everything to gain by pre- 
senting the rubber manufacturer with all the 
essential requirements for the component in 
question, refraining from exaggeration to ensure 
adequate safety factors. The rubber techno- 
logist will be particularly conversant with the 
work of the BSI or the Research Associations 
and will take every precaution to ensure that 
an adequate safety margin is maintained. 
Advice with regard to the design of rubber 
specifications should in all cases be requested 
from a rubber laboratory familiar with the work 
of the appropriate bodies. 

It is important that the closest liaison between 
user and supplier should be established right 
from the initial design stages, to ensure satis- 
factory component performance. If engineering 
and rubber industries can establish mutual 
confidence in this field, the former will obtain 
products more suited to their requirements, while 
the latter will be in a much better position to 
ensure the ultimate satisfaction of the customer 
in relation to delivery dates, product performance 
and, last but not least, in relation to cost savings 
for both parties concerned. 
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DECEMENTING SOLUTION 


A chemical solution is now being marketed 
which removes cement and solidified aggregate 
from iron and steel. Called Solution No. 307 
by the manufacturers, Grant and West Limited, 
Stoke Mill, Guildford, Surrey, it is seen as an 
attractive alternative to shot-blasting and manual 
cleaning. No washing is required after immersion 


6 





in the solution, which incidentally, is mixed with 
water in the ratio of | part to 2 and demands 
attention only in replenishing with water or 
solution to maintain the given concentration. 

It is described as “safe in use” and can be 
used in any acid-resisting container such as 
bituminous-lined wooden troughs or lead or 
rubber-lined mild-steel tanks, although the 
makers recommend stainless-steel liners for 
long-term operation. Facilities should be pro- 
vided for removing sediment and sludge. 

The time taken to clean depends on the extent 
of concreting, the incidence of rusting and the 
presence of grease, but Solution No. 307 is 
guaranteed to “budge” the most stubborn 
deposits overnight. The illustration shows a 
scaffolding clip before and after 30 minutes 
immersion. To its further credit, this solution 
has no effect on iron or steel unless cyanide 
hardened or galvanised, but leaves a short-term 
anti-oxidant coating on the article. Other 
metals are not attacked. 
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Production 


HEAT TREATMENT 
UNDER CONTRACT 


gee LimitED, Tyburn Road, Erdington, 
Birmingham, 24, have undertaken heat 
treatment on a contract basis since 1940, when 
premises at their Erdington works were opened 
for that purpose. Demand having proved too 
great for the existing equipment, the complete 
Heat Treatment Division has been transferred 


to Aldridge, a few miles away, where a new 
range of buildings has been erected. Equipped 
with Birlec furnaces and all the necessary ancil- 
lary items, the new works can undertake large 
or small quantity heat treatment in a range of 
processes, including bright annealing and nor- 
malising, carburising and carbo-nitriding, clean 
hardening and tempering, low temperature treat- 
ments, nitriding, and furnace brazing. Capacity 
is also available for degreasing, copper plating 
and de-scaling. In addition to undertaking heat 
treatment to the trade, the Aldridge works 
operate in close co-operation with the Birlec 
research and development departments, and 
provide facilities for testing new and modified 
designs of furnace under normal production 
conditions. 

Bright annealing and normalising can be 
carried out at a rate of more than 40 tons a week 
in mesh-belt conveyor furnaces, provision being 


TINPLATE 


All normal types of heat 
treatment can be carried 
out in the new Birlec 
contract heat treatment 
works. This sealed 
quench furnace deals 
with clean hardening. 


Furnace brazing is one 
of several operations for 
which this mesh belt con- 
veyor furnace is suitable. 


made for the protective atmosphere to be either 
burnt town gas (exothermic) or endothermic gas 
if required for medium or high carbon steels. 
Two 18in 75 kW belt conveyor furnaces and 
one of 12 in and 60 kW capacity are available for 
this type of work, and they can also be used if 
required for furnace brazing. 

This latter operation, which is carried out with 
copper, silver solders and other brazing alloys, is 
done in mesh-belt or batch type furnaces accord- 
ing to the nature of the component. In addition 
to the furnaces already mentioned an 8in 40 kW 
mesh-belt conveyor furnace is available for 
brazing. 

Clean hardening capacity of up to 20 tons a 
week is provided by shaker hearth and sealed 
quench furnaces, using endothermic gas as a 
protective atmosphere. Two sealed quench 
furnaces, a 40 kW electric and a 1,400 cu.ft per hr 
gas fired, of 3001lb and 400 1b charge capacity 
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respectively and both working to 1,00°¢ 
maximum temperature, are installed to deal with 
clean hardening and with gas carburising, carbo. 
nitriding and carbon restoration. Small cop. 
ponents such as flat springs, clips, bolts and ny 
or needles are dealt with in an 18 in 454W 
shaker hearth furnace. 

Clean tempering is carried out in two 45k\ 
vertical forced air circulation furnaces which 
with a temperature range of up to 700°C, ar 
also suitable for annealing and low temperature 
treatments such as solution treatment and ageing 
of light alloys. E 

For processing up to 10 tons a week of carburis. 
ing and carbo-nitriding work, the sealed quench 
furnaces are available, and there are also facilities 
for pack carburising. For localised case harder- 
ing of small batches, for which the sealed quene 
furnaces would be uneconomic, there is a smal 
cyanide salt batch. 

Two batch type furnaces, of 20kW and 
1,000° C, and SOkW and 1,150°C capacity 
respectively, are installed for general heat treat- 
ment purposes, brazing and nitriding. 

Three 1,500 cu. ft per hr exothermic gas genera- 
tors supply protective atmosphere gas to any oi 
the furnaces as required, and two 500 cu. ft per 
hr endothermic generators supply gas to an) 
of the furnaces operating at temperatures 0! 
730° C and upwards. 

The ancillary equipment includes alkali spray 
and vapour degreasing plant, a shot bias 
machine for de-scaling and shot peening, : 
copper plating vat for stopping off for carburis 
ing, and plating for copper brazing, and a bright 
barrelling machine. 


For some manufacturing purposes the use of strip metal in coil form has 


great advantages. Strip of various types has been supplied in this 
form for a considerable time, but until now British tinplate has not been 
among the materials available in coils. The need for tinned strip in 
coiled form was taken into consideration when No. 2 electrolytic tinning 
line at the Velindre Works of the Steel Company of Wales Limited 
was installed, and twin re-coilers were provided in the line. This equip- 
ment has now been brought into use, and coils, of various weights up 
to 7 tons each, according to the needs of customers, are being supplied. 
At present only a limited number of users are equipped to handle strip 
in coils, but the number is expected to increase. 

Arrangements for changing over the Velindre line to coil production 
have been reduced to a straightforward routine, after which production 
proceeds at an increased speed. Strip passing through a down and 
upcut shear is cut and deflected down a conveyor to the re-coiler, where 
a belt wrapper causes it to coil round a collapsible mandrel. Push- 
button control then clears the strip and deflects the leading end into 
another conveyor leading to the second recoiler without stopping the 
line. ‘*‘ Askania”’’ edge control causes each mandrel to be moved 
hydraulically to follow any movement of one-edge of the strip, and the 
coils are thus built up with uniform sides. A corrugated bituminous 
paper wrapping is applied to the coils before despatch. 


Tinplate can now be re-coiled and supplied in coils of up 1 
7 tons at the Velindre Works of the Steel Company of Wales. 
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operation and Maintenance 





n the whole practice of valuation of plant and 
machinery there are few more controversial 
questions or one around which there is so wide 
a divergence of opinion than that of depreciation. 
The principal reason for this is that there are so 
many types and classes of machinery and equip- 
ment involved which are used for so many 
different purposes of manufacture. Additional to 
this is the fact that not only do trades and 
processes differ, but other factors have to be 
allowed for and taken in to account in determining 
the fair course to adopt to meet the particular 
circumstances. All these factors intensify the 
need for discrimination in the application of 
rates of depreciation. No longer, as in less 
competitive days, is the term “ depreciation ” 
convenient to denote “‘ diminution of value by 
reason of wear and tear.” Under the present 
stresses and conditions of manufacturing activi- 
ties “depreciation” covers other and wider 
contingencies. 

The extended meaning of the term is made 
abundantly clear when, as in most modern plants, 
additions and improvements, renewals and com- 
plete reconditioning or other alterations have 
been made to a machine or item of plant subse- 
quent to its installation, and its existence and use 
continue to be a source of profit to its owner. 

Turning in the first instance to depreciation 
caused solely by wear and tear, deterioration in 
a machine can be caused by several circumstances, 
some of which relate to the machine itself and 
others to the manner in which it is used. As to 
the machine itself, the care with which it has 
been installed affects not only its running 
efficiency but the length of its working life. If it 
has to withstand concussion or stresses of any 
kind the foundations must be of such a nature as 
to absorb shocks or impact without vibration 
or liability to subsidence. If the machine is 
insecurely fixed or the foundations are not 
capable of absorbing such stresses the machine 
will be rendered unsteady and the trueness of its 


are shown in the attached illustration. 


truck wheel hours. is unchanged. 


other adverse operating condition. 


DEPRECIATION 
OF PLANT AND MACHINERY 


After their success in the field of 1,000 hour lubrication, Allis-Chalmers 
how claim to lead with life-long lubrication for all models. 
lubricated (at the time of assembly) the track group need no further 
greasing attention, other than periodical checks to ensure that the rollers 
afé not leaking, due to damage or to track misalignment. 
and free roller characteristics of the positive-seal-tapered roller-bearing 
wheels, which have been proved by more than two-and-a-half billion 


Mackay Industrial state that this development is an added operating 
advantage which now makes possible the complete elimination of the 
greasing of track assemblies, and applies regardless of mud. water or 


Periodical Revision of Rates 


running and general efficiency impaired long 
before it is actually worn out. The importance 
of these matters of installation are applicable 
to all plant but their overriding importance 
where the heavier class of machinery is concerned 
will be obvious. 

In the matter of plant operation, hours of 
work have to be considered in comparing one 
machine with another. If overtime or round- 
the-clock shifts are the rule, wear and tear will be 
greater than under normal day-to-day working. 
In an establishment where piece work is in force 
wear and tear is always more rapid than in one 
where operators are paid according to time only. 


Maintenance and Overhauls 


The standard of maintenance is largely bound 
up with the question of depreciation. Regular 
lubrication and painting, and protection against 
grit in wearing parts all add to the durability of 
plant, while absence of these precautionary 
measures has adverse effects. 

As a natural follow-on from these more or less 
elementary aspects of maintenance there is the 
larger and more effective one of timely repairs 
and regularity of, and systematic attention to, 
renewals, which add considerably to the life 
and reliability of plant. Complete overhauls 
and reconditioning can often transform an old 
machine into one almost as good as new and 
renew and prolong its period of working life, so 
that the value may equal and sometimes even 
exceed the original figure. Then again, where 
certain classes of completely new plant are 
concerned only a small degree of deterioration 
may take place during the first year or so, and 
yet no matter how long the working life of a 
machine may be, its value must be reduced 
accordingly. However, a very low rate of 
depreciation will suffice at first. During a slack 
period and reduced employment of plant a 


Mackay Industrial Equipment Limited, Feltham, Middlesex, inform us 
that as a result of intensive research by the Allis-Chalmers Group in 
their laboratories and in the field, the greasing of positive seal truck 
wheels, front idlers and support rollers for their entire crawler tractor 
range has now been eliminated on all new machines. 
Positive sealing arrangements for a “ life-long” lubricated truck wheel 





Retainer Seal 








A Roller Bearing 


By W. BROWNLIE HENDRY, A.M.1.Mech.E. 


reduced rate of depreciation may be permissible 


to meet the incidence of slackness. Conversely, 


during a period of intense operation an increased 


rate may be applied. 


Fallacy of En Bloc Writing Down 


Bearing in mind all the foregoing factors and 
contingencies and also that every machine which 
forms a distinct component part of the plant as a 
self-contained entity must be dealt with and 
considered separately, it must be evident that no 
slap-dash en bloc writing down by fixed rates 
can ever achieve the end desired. It is for all, 
or some of these reasons, quite apart from 
ordinary wear and tear, that discriminating 
periodic revision of appropriate depreciation is 
essential if the result is to reflect the true com- 
mercial value of the plant. In the absence of 
practical engineering experience and judgment, 
as opposed to theoretical accountancy methods 
of slavish adherence to year-by-year writing off 
at a fixed rate, the real value of a machine soon 
disappears altogether and becomes a mere 
book figure rather than that of a tangible profit- 
earning asset. 

To obviate this fallacy any assessment of plant 
which professes to reflect its current value— 
particularly its value as part of a “* going concern” 
—should be revised and reassessed at regular 
intervals of say every five years, and its earning 
capacity in relation to changing economic 
conditions within that interval should have 
considerable bearing on the revised value. It is 
for this reason that the most elaborately contrived 
system of cost-accounting based on standard 
tables of annual depreciation rates is not only 
suspect but also, according to its extent, mis- 
leading. This may be a somewhat unorthodox 
view on the aspect of valuation and contrary to 
the more generally accepted view of theoretical 
purists, but from a practical point of view it 
admits of no qualification. That the changing 
value and earning capacity should engage close 
attention with a view to their bearing on depreci- 
ation is of vital importance. As it is essential 
that every case should be dealt with on its own 
merits, it will readily be appreciated how the 
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Section of the Allis-Chalmers positive seal long-life lubricated truck wheel. 








































































480 


Continuing 
Operation and Maintenance 


problems increase when it is remembered that in 
all varieties of plant there are instances where it 
is difficult to apply accurate general rates of 
depreciation, and yet the uncertainty that 
causes the difficulty increases the necessity of 
depreciating. 


Revision of Depreciation Rates 


In regard to the appropriate rates of deprecia- 
tion, for the reasons explained no average rate 
to meet the various contingencies enumerated 
can be evolved for safe writing down of the plant 
of a continuously expanding and _ profitable 
manufacturing company. Yearly deduction of a 
percentage rate from the total balance sheet value 
of a complete entity made up of so many diverse 
components as that of plant and machinery is 
unsound and unrealistic. The alternative prac- 
tice which is sometimes adopted of sub-dividing 
the plant into a number of categories, and 


applying what are considered to be appropriate ° 


depreciation rates to the total of each category, 
is equally unsatisfactory. By neither of these 
methods can due allowance be made for renewals 
and overhauls. Only by depreciating or, as is 
sometimes justified, upgrading, the value of each 
machine or piece of equipment in accordance with 
its current worth at regular periods can a reliable 
commercial total value be arrived at. 

Even the most enthusiastic exponents of 
scientific management with its collateral produc- 
tivity techniques, efficiency indices, method 
studies and other schemes for ensuring functional 
effectiveness, do not hesitate to advocate that no 
matter how skilfully contrived these schemes 
are, they must be revised from time to time, if 
organisational efficiency is to be derived from 
them. In like manner, if the total value of the 
plant on a balance sheet is to be such as to permit 
a company to trade competitively, then to ensure 
that this is so the element of depreciation 
inherent in that sum must, for the reasons stated, 
be periodically revised and brought into line 
with prevailing production conditions. 


TOWARDS RATIONAL 
OPERATION 


The need for greater specialisation of engineering 
design and manufacturing functions has led to a 
new group structure for two companies in the 
refrigeration and air-treatment field. Carter 
Refrigeration and Airconditioning Limited and 
their subsidiary the Midland Heating and Ven- 
tilation Company Limited have reformed their 
operations into a holding company and four 
operating companies, due to the “ increased 
volume and greater technical complexity of the 
work undertaken in recent years.” 

A new holding company has been formed: 
Carter Thermal Industries, and four operating 
companies: Carter Refrigeration Display, Carter 
Thermal Engineers, Carter Refrigeration and 
Airconditioning, and The Midland Heating and 
Ventilation Company. Each operating sub- 
sidiary will occupy separate premises and, though 
the products are complementary, each will have a 
specialist engineering staff and works equipped to 
make the particular products in the most satis- 
factory way. 
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Engineering at Home : 


FIRE SAFETY — An Extinguisher 
for the Home 


A fire extinguisher, using a powerful new extinguishing e 
is now being marketed by the Pyrene Company 
9 Grosvenor Gardens, London, SW11. P 
The Home Fire Extinguisher, as it is called, is chap 
a dry chemical which the makers claim is capable of deals 
all main classes of fire risk, including wood, upholstery, 
cloth, coal, fats, oils, spirits, and paints. It is said to fe 
acting, non-toxic, and safe to use on live electrical equi 
The manufacturers, who are campaigning for grea 
safety in British homes, believe that this small uniy 
guisher, which can be safely handled by children, wil] 
to promote this crusade. The figure of only 2-5 per g 
homes in Britain with any substantial form of fire pre 
adequate testimony to the need for improved fire safety, 
The latest official figures from HMSO show that an 
of 65 homes in Britain catch fire every day—each of them ger 
enough to warrant a fire brigade call. These fires result mainly 
from the following causes: 
Ashes, soot, fires in grates, etc., 41-2 per cent; electric 
apparatus, 20-0 per cent; gas burners, 7-5 per cent; Oil Lamps 
stores, etc., 7-9 per cent; smoking materials, 7-2 per gay 
children playing with matches, 4-6 per cent; miscellaneous, 
11-6 per cent. 


ITA ARRANGEMENTS FOR SOUTH-EAST ENGLAND 


Programmes from the Independent Television for the tastes and interests of the area and intend 
Authority’s station near Dover are, subject to to open a studio there. They propose to inyit 
contract, to be provided by Southern Television prominent people in the area to associate wih 
Limited. This station will serve an area stretch- them. 

ing from the Medway to Beachy Head and it is This appointment follows upon the TTA; 
planned to bring it into operation either late decision, announced last November, to make th 
this year or early 1960. The area is contiguous Dover transmitter the first of a number of satel 
to that in which the Southern Television are lite stations to serve areas which do not requir 
already operating. or make financially possible the operation of 

Southern Television have undertaken to cater independent companies. 


A new 4 to | reduction gear for use with electric 
SPEED REDUCTION hand drills is now being marketed by John M. 
Perkins and Smith Limited, London Roa 
for ELECTRIC DRILLS Works, Braunston, Rugby. a 
‘ Known as the Safe-D-Speeder, it consists ofa 
compact circular how 
ing containing epicycie 
gears on to which & 
mounted a ¢ in capacity 
chuck. The spindle of 
the reduction gear fits 
directly into the existing 
chuck of any } in cape 
city electric drill. 

The 4 to 1 reduction 
of speed is brought into 
operation by gripping 
the gear housing with 
one hand (as shown it 
the illustration) while 
operating the 
drill with the other 
It is said to be ideal for 
use with large capacily 
drills, running at lower 
speeds, thus ¢ 
them to be used for glass 
drilling,  screwdriving 
reaming, and tapping 
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